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BIOTIC RESPONSES OF Typha-MONOOOMINANT 
SEMIPERMANENT WETLANDS TO CATTLE GRAZING 
Abstract 
Bryan o. Schultz 
Changes in the vegetative composition of most palustrine emergent 
semipermanent wetlands is primarily a function of water level 
fluctuation. However, some wetlands do not exhibit vegetational snifts 
since emergent species such as Tvpha persist under flooded as well as 
drought conditions. Numerous techniques to control cattails sucn as 
burning and herbicide application have been suggested. The objective of 
this study ·Has to test the use of cattle grazing as a method of 
controlling dense cattail stands in semipermanent Netlands to irnorove 
breeding duck habitat. Plots (.81 ha) were established in the 3rner;ent 
zone in each of two wetlands(! 4 ha) in the vicinity of �aubay NatiJnal 
Wildlife Refuge, Waubay, South Dakota. Ten yearling, crossbred steers 
Nere allowed to graze the plots for 28 days beginning 11 June 1984 3t a 
rate of 3. 75 AUM • s. Cat tails and tnallaphytes ·Here sampled during 
p;-etreat.11ent and post treatment ·"eeks of 1984 and 1985. ?3sserine ·oi::js, 
waterfowl and aquatic invertebrates ·Here sampled during t�e weeks 
corresponding to the vegetative samoling. 
The grazing treatment was sufficient to alter the biotic state of 
emergent marsh compared to the ungrazed plots. Live and dead cattail 
stems decreased, residual litter depth and aerial coverage decreased, 
water and substrate temperatures increased, aerial coverage of 
thallophytes increased, passerine bird numbers decreased, invertebrate 
abundance and biomass increased and duck pairs increased. The single 
grazing of 3.75 AUM's did not, however, produce a per�anent reduction of 
cattails. More intensive grazing within a growing season or sequential, 
annual grazing treatments should bring about longer lasting treatment 
effects. 
This technique will benefit landowners by providing alternate 
grazing sources for their cattle and will benefit waterfowl by 
attracting more pairs of ducks to pr�viously under-Jsed ·Netland habitat, 
thereby potentially enhancing waterfJwl production in t�e �rai:ie 
Pothole Region. 
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INTRODUCTION 
The vegetation of most semipermanent wetlands (palustrine emergent 
semipermanent according to Cowardin �t al. 1979, Class IV according to 
Stewart and Kantrud 1971) is constantly b�ing altered because of water 
level fluctuations. This phenomenon does not occur in some wetlands, 
because cattail (Typha sop.), giant burreed (Soaraanium eurvcar:Jum), 3nd 
river bulrush (Scirpus fluviatilis) can persist under flooded as well as 
drought conditions (Currier 1979). These conditions exist in 'Het:ands 
of many state Game Production Areas (GPA) and federal ','laterf:;wl 
Production Areas ('NPA) in eastern South Dakota. Continuous, unbroken 
stands of cattail provide excellent winter cover for ring-necked 
pheasants (Phasianus colchicus) and white-tailed deer (Jdocoileus 
virainianus) but provide little suitable habitat far waterfowl (�ell�: 
and Fredrickson 1974). To increase waterfowl production, management 
schemes must include some form of habitat manipulation . 
Wetlands exhibiting a roughly equal (1:1) interspersion of 
emergent cover and open water display the highest possible 
heterogeneity. This condition, termed "hemimarsh" ('Ne1.ler and Soat=her 
1965), elicits increased waterfcwl reproductive effort. Even before the 
inception of the hemimarsh concept, management has been directed toward 
devising ways of creating opennings in wetlands, inclucing water level 
manioulation, burning, cutting, scarification, crushing, blas�ing wit� 
explosives, bulldozing and herbicide application (Provost 1948, Mar::n 
et al . 1957, Kadlec 1962, Harris and Marshall 1963, �at�iak 1965, 
i 
I 
' 
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I 
Burgess 1969, Linde 1969, Sanderson and Bellrose 1969, Weller and 
Fredrickson 197 4, Weller 1975, Beu le 1979, Murkin and 'Hard 1980) . 
2 
However, time, money and variablility in effectiveness have limited the 
use of these techniques. 
Current management strategies have shifted somewhat to incorporate 
the induction of short term (3-7 years) changes in marshes whicn involve 
the most economically and ecologically sound methods (Weller 1978) . The 
most successful method has been water level manipulation (Kadlec 1962, 
Harris and Marshall 1963, Burgess 1969, Weller and Fredrickson 1974) , 
however, this is not feasible on natural prairie wetlands. 
Large herbivore grazing of wetlands is less popular than . ..,ater 
level manipulation, but may have broader application. Historically, 
grazing was mostly done by buffalo (Bison bison); now cattle may ��11; 
similar role (Weller 1978). Grazing can provide a flexible approac� to 
regulating the amount and composition of vegetation in serniper�anent 
wetlands. Several researchers have alluded to grazing effects on �he 
terrestrial and aquatic vegetation surrounding wetlands with respect tJ 
waterfowl (Sowles 1955, Glover 1956, Tester and Marshall 1962, Munroe 
1963, Dwyer 1970, Hopper 1972, Hilliard 1974, Duncan and O'He!�es :982, 
Chabreck 1968, Ermacoff 1968, Reimold et al. 1975), but few have dealt 
specifically with waterfowl responses to grazing impacts on vegetation 
within the wetland p"'oper (Kantrud 1986). 
The use of grazing for cattail management requi::s a knowl:ci;;e Jf 
its effects and an awareness of its utility. Terrestrial gr�zing 
systems are based on the vulnerability of the plant populations being 
' 
1 
grazed. I f  a species' apical meristem is high with respect to the 
substrate, the plant can be severely injured by grazing. Conversely, 
species with basal apical meristems are more difficult to restrict by 
grazing. Cattail exhibits the former morphology and thus is less 
resistant ta grazing pressure. In addition, the sail substrate in 
3 
aquatic systems is much softer and offers little protection to rhizomes 
and shoat meristems. Hence, a grazing-trampling combination could have 
a drastic impact on cattail plants. 
Cattails are persistent, spread aggresively and have a hign 
reproductive potential. However, Linde et al . (1976) found them ta be 
most easily controlled in middle to late June when the total 
nonstructural carbohydrate (TNC) reserves are minimal (i. e. growth 
demands exceed photosynthetic replacement). In this ;Japer, the ::r� 
"critical treatment period" (CTP), is defined as the time period ,men 
total nonstructural carbohydrate reserves are lowest. Certain �hys::�l 
characteristics of  the cattail ;Jlant correspond d th t:ie CTP: the 
pistillate spike (proximal) is light green in color, the staminat: spi�e 
(distal) is dark green and the pistillate spathe leaf is being shed 
(Linde et al. 1976). Cattle grazing should induce 'i1ax::num ;Jr�ssur� .Jn 
the plants during this time. Destruction of  the leaves by direct 
consumption would help ta reduce photosynthesis (hence TNC producti,:Jn 
and storage) and curtail further growth for that season, le�vi�g :�e 
:-hizame in a weakened oven, intering condition .  As soon as C3 t tails 
recover from the low in TNC's, the al�eady developed r�izome buds begin 
elongating (Linde et al. 1976) ta form new shoats. 3eule (1979), 
4 
describing the same weakness in the cattail phenology, found any 
processes discouraging rhizome and new shoot development in late spring 
or early summer to be devastating to cattail. By direct consumption of 
the photosynthetic, TNC replenishing leaves, and further trampling of 
the rhizomes and new shoots before development can continue, it appears 
that cattle grazing should be an effective method of controlling 
cattails. 
Marsh invertebrates respond to water and vegetation fluctuations, 
as do taxa at other consumer levels. ihis directly i�fluences the use 
of an area by waterfowl (�eller 1978). Ducks depend almost �xclusively 
on aquatic invertebrates as a calcium and protein source during the 
breeding season (�rapu 1974, Krapu and Swanson 1975, �rapu 1979, Swanson 
et al. 1979). Breeding blue-�inged teal (Anas disccrs) consume 
primarily lymnaeids, chironomids, amphipods and anostracods (Swanson et 
al. 1974, 1979). During laying, the hen mallard (Anas �latv�hvnchos) 
diet is dominated by lymnaeids, conchostracods, lepicopterans, and 
cladocerans (Swanson et al. 1979). Some of the important invertebrate 
foods of breeding female pintails (Anas acuta) consist of chironomids, 
g�strapods and anostracods (Swanson et al. 1979, Kracu 1974). L3ying 
hen gadwalls (Anas streoera) prefer a diet of ostracods, chironomids, 
conchostracods and cladocerans (Swanson et al. 1979). Cladocerans, 
lymnaeids, planorbids, conchostracods, anostracods and copepods dominat2 
�he diet of laying female northern shovelers (Anas :lvoeata). Jucklings 
initially require the high protein supplied by inve�tebrates (3artonek 
and Hickey 1969, Bartanek 1972, Sugden 1973). Coll:as and Coll�as 
c : · 
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(1963) found broad use of wetlands ta be directly related ta 
invertebrate availability. Passerine species also use aquatic 
invertebrates ta a great extent (Vaigts 1976, Sird and Smith 1964). Few 
studies have investigated the effects of grazed wetland vegetation an 
aquatic invertebrates (Munro 1963, Hopper i972, Reimold et al . 1975, 
Lagan 1975), passerines or waterfowl. 
The objectives of this study were ta: l) investigate the 
feasibility and effectiveness of cattle grazing as a means of :reating 
openings in dense cattail stands, 2) investigate the vegetatianal 
response resulting from the cattail removal, 3) investigate the 
invertebrate response resulting from the cattail manipulation, and 4) 
investigate the passerine and waterfowl response resulting from the 
cattail manipulation. Kantrud (1986) suggested that studies shoulc not 
be limited ta the effects an waterfowl, but include the resoonses of t�e 
plant communities and the populations of invertebrate food organisms 
used by 'Naterfawl. Considering the aforementioned, the following null 
hypotheses were formulated to test the eff�cts of  the cattle grazing 
treatment: 
1) H a· Dense cattail stands (mainly Tvpha x glauca) 
are not altered by cattle grazing at a rate 
of 3.75 animal units per mant� (AUM's) during 
the CTP. 
! 
t 
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2) H0 : Invertebrate populations are not affected by 
cattle grazing at a rate of 3.75 AUM's during 
the CTP. 
3) H
0 : 
wetland bird populatio�s are riot affected by 
cattle grazing at a rate of 3.75 AUM's during 
the CTP. 
STUDY AREA 
6 
Field studies were conducted in 2, small (� 4 ha), semipermanent 
wetlands in Day County, South Dakota. Data were collected from Jailbait 
Slough (JBS) (T 123 N, R 54 ''N, Sec. 32) located on 'r'laubay �ati'Jnal 
'r'lildlife Refuge (NWR) and from McCarlson WPA Slough (lw1cS) (T l2LL 'j, :"i 55 
·..i, Sec. 23) located 7.2 km north of Grenville (rig. �). The .l.381 ila 
Waubay NWR, established in 1935, is situated in the area descr:jed :y 
Rothrock (1935 as cited in Evans and Black 1956) as :�e Coteau des 
Prairies which evolved from the deposits formed by tne Cary substage of 
the Wisconsin Ice Sheet (Flint 1955). Here, duck �r�ducticn averages 
higher than in most of South Dakota's Prairie Pothole Region (3rewster 
et al. 1976). The fertile soils are typified by dark, grayish-br�wn 
silt loams and silty clay loams (Westin et al. 1951). Aver3ge annual 
;Jrecipitation amounts to 51.16 en/year (10 yr. avg.). 
7 
I \ I 
I 
\ 
\ 
I \ 
I \ 
I \ 
I \ 
I \ 
Z,k \ \ ' 
\ 
\ I 
\ 
I \ 
I \ \ I \ \ 
i 
I 
\ 
\ 
\ 
\ 
\ 
\ t \ \ .. \ t 
t 
f -, = 
l 
Cll loo a c: "= -Q ; ltl ID = -
l 
\! ... :c ' = 
:i ... = I u loo -u 
0 0 ::: 
Q 
= ..:.: = 
IQ - .::::. -- -
loo ...: = IQ -
u ...: = u QC O 
::: = Vl 
Q. 0 - � = .... 
l 
= ao ::: Q IQ ::,,,, = = ... 0 .... c a ... = .... 41 0 - ::, ... 1:111: .... -
1 
0 � .., .., ... u z a c: as = -.... � - I.I :_j ::,,,, ::,,,, - s 0 � e = = <C - - ... - ..; ..., .::::. .::I "= = .., ::, - � = :!: - - 8 3 E-
� Im-�···� 
� 
... 
t 
.. ········ 
::, :::.:::::::: c:.a ···:·:·:·:·: -
:;:�:!:�:!� '-
I 
l 
) 
i 
l 
8 
�THOOS 
Fencing and cattle 
Battery powered E-12 Gallagher/Snell Energizers ·.ttere used to 
charge two strands of 12 ga. wire on each of 2, .81 ha (2 acre) cattail 
treatment (grazed) plots. Dense :attail growth necessitated f�equent 
checking of the bottom strand to eliminate circuit malfunctions . 
Control (ungrazed) areas of equivalent size wer� located dir�ctly 
adjacent to the treatment plots (Fig. 1). 
Ten yearling, crossbred beef steers (Fig. 2) were placed in the 
enclosures on 11 June 1984 following a brief acclimation on refuge 
pastureland. Treatment plots we!'e grazed at a rate of 3 .75 AUM's for 23 
days. Treatments were begun before the peak of tne CT? (24 June in JBS 
3nd 7 July in �cs) to put the maximum stress on the plants . � sma:l 
amount of upland (3 m x the width of each treatment plot) was included 
in �ach enclosure far cattle resting areas. �ach st2er•s cattail �iet 
..,as supplemented daily with a 1 kg mixture of high nitrogen ""ange 
C:ubes", ground corn and oats and dried molasses. �ineral/sal t 'Jlocks 
itere also provided. 
Cattails 
Prior to spring cattail growt�, 2 tempor3ry transect markers wer3 
estaolished parallel to the nort�-south borders and eGuidistant from t�e 
�ast-west �orders wit�in each grazed and �ngrazed plot . �ft�r t�e �ay 
' 
I 
rigure 2. Ten yearling, crossbr�d steers were placed in 
each enclosur':! on 11 June, 1984. The tr�at:nent 
plots were grazed for 28 days �t a rate of 3.75 
AUM's. 
9 
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10 
sampling session, the transect markers were moved 2 steps to the :ight 
for the July session, then 4 steps to the left for the August session to 
avoid sampling from previously trampled transect lines. A 3.5 x 7 dm 
quadrat was used in vegetation sampling. The first cattail sampling 
station was located a random number of steps toward the middle of the 
't'ietland from the first cattail plant at the wetland edge. A coin was 
flipped to determine on which side of the transect line the quaarat 
frame would be placed. Subsequent sampling stations were spacec 
equidistantly across the wetland. Preliminary analysis of stem c:ensi:y 
counts indicated that 75 quadrats were sufficient to detect possible 
differences in cattail stem densities. Data from 38 quadrats were 
gathered from one transect line. Data for the remaining 37 quadr3ts 
·"'ere gathered from the other. The use of permanent sampling stat.:.ons 
was not feasible because of possible cattle disturbances . Conse�uent:y, 
the same stations were not sampled through time. Counts of live and 
dead cattail stems within the quadrats were recorded at �ach sampiing 
station. The contribution of other emergent vegetation tu th� tcta: 
caver in the wetland was minimal and therefore not included �n the 
analysis. Vegetation was sampled once prior to the gr3zing treat�ent 
during the week of 21 May 1984 and t•t'iice after the treatment during the 
"'eeks of 16 July and 13 August 1984. Sampling in 1985 "'as conducted 
during the same weeks as in 1984. V<:getation data were coll�cted from 
1500 quadrats during the study. 
Percent aerial coverage of the litter layer and litter dept� (c�) 
were estimated in quadrats concurrently with cattail stem density counts 
11 
during 21 May 1985. Litter depth is defined as the average thickness of 
the litter present above the water surface. 
Temperature 
One water surface and one substrate temperature (C) were taken at 
4 equidistantly placed stations per transect in each grazed and ungrazed 
plot on 24 July 1985 to obtain a rough estimate of overall treat�ent 
plot temperature conditions. Substrate temperatures were obtained by 
inserting the thermometer bulb 10 cm into the hydric soil. 
Thalloohytes 
Percent aerial coverage of star duckweed (Lemna trisulca), little 
duck',1/eed (Lemna turionifera) and thallose liverwort (�i:c:3 fluitans) 
was estimated in quadrats concurrently with cattail stem density counts. 
Passerine counts 
Red-winged blackbirds (Agelaius phoeniceus), yellow-headed 
blackbirds (Xanthoceohalus xanthoceohalus) and common yellowthroats 
(Geothlyois trichas) were censused 4 times in 1984 on 24 and 31 �ay, 19 
July and 16 August corresponding to the vegetation sampling dates. A 
census of the territorial males was possible in all plots although the 
birds b�came more difficult to see as the c�ttails increased in he:gnt. 
Census:ng began at 0630 Central Daylight Time (CDT) and lasted 
approximately 30 minutes per plot. The first wetland censused each day 
·1tas alternated bet·11een JBS and McS. Preliminary bird counts were mace 
12 
from a high vantage point on each treatment and ungrazed plot 
simultaneously. This helped to reduce duplication in birds seen. '.ithen 
the preliminary counts '"'ere finished, my field assistant and I walked 
our respective plots to flush and count any males that may have been 
previously missed. Passerines were censused during the 5 mornings of -
16-20 July in 1985. 
Waterfowl counts 
Ducks 'Here counted on 28 April, 16, 24 and 31 \-iay, 19 July 3na 16 
August in 1984 between 0900 and 1300 CDT. Ozubin (1969) determined that 
waterfowl pairs are least mobile at this time of day. rn 1985, duck 
counts were conducted at 0600, 1000, 1600, and 1900 hours CDT on 18, 25 
and 26 April and 14-17 May. This was done in an attempt to inc:�ase the 
sample size of ducks censused. waterfowl were censused using the wel�-
wade technique of Evans and Slack ( 1956). Brood sur�eys were conduct2d 
·1tithin three days of 24 June, 20 July and 15 August (Hammond 2.970). 
'.:lrought precluded further duck counting in 1985 . The sequence a f ,:t..cK 
counts ·1tas alternated daily between the t·,.,o wetlands. 
Aquatic invertebrates 
Invertebrates were sampled from the benthic 3nd Nater column 
.:ommunities in the grazed and ungrazed plats of both wei:lands. T�e 
sampling dates corresponded with those of the vegetation sa�pling. :n 
this paper, aquatic invertebrates are subdivided into t'NO major groups. 
�icroinvertebrat2s are defined as all taxa of Ccpepoda, Cladocera, 
13 
Ostracoda and Rotatoria. Macroinvertebrates are defined as all 
remaining invertebrate taxa .  All of the invertebrates were identified 
to order (ordinal) or family (familial) using manuals by Merrit and 
Cummins (1984) and Pennak (1978). 
'l'later Columns 
Water column samples ·,i1ere taken wit� a graduated, acrylic sampler 
(6 . 35 cm x 130 cm, Fig. 3) similar to that described by Swanson ( 1978). 
The first invertebrate sampling station was located a random number .Jf 
steps toward the middle of the w�tland from the edge of stand.:.ng water . 
Nine subsequent sampling stations were spaced equidistantly along each 
transect. T·>'lo subsamples >'ler'= taken from each sampling stat.:.on to 
estimate sampling variation . The first subsamples were taken dir<:ctly 
along the tr:3nsect line . The second subsamples w�re taken as close to, 
but not overlapping, the previously disturbed area of the first . �ftar 
recording the depth of the water columns, the samples were st:-ained 
t,raugh a No . 10 plankton net and washed into 100 ml sampl� :ups ·.·d ::i 
alcohol preservative (92-95% EtOH).  Rose bengal stain 'Has acded t.J the 
alcohol (lOOmg/1) to facilitate invertebrate sorting (Mason and Y�vicn 
1967). 
In the laboratory, water column samples were rinsed wit:i tap "'�t2r 
and placed in gridded petri dishes . Macroinvertebrata� Here ,ancpicked 
Frorn each sample under the rnagni fication of dissecting rnicro5cooes and 
placed in vials fJr lat�r identification . After the macrainvertebr3te 
Jroups were identl fied, they ·,yere enumerated and ov':!n dr i�d at 105 C hr 
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24 hours and weighed to the nearest .0001 g using a Mettler HllO balance 
to determine dry 'Height biomass (Murkin et al . 1982) . It is recognized 
that invertebrates lose weight, albeit at different rates, after being 
preserved in alcohol (Stanford 1973) , but this was not taken into 
consideration in determining dry ·,yeight biomass. A total of 560 water 
column subsamples were collected during 1984 and 1985 . 
Three subsamples (1% by volume) were drawn from each water column 
sample using a Henson-Stemple pipette after the mac:oinvertebrates had 
been removed . They were trans fer:ed to a circular counting cell wiie re 
�icroinvertebrates were identified and enumerated under the 
magnification of a dissecting microscope . Ory weight biomass was not 
determined for the microinvertebrate groups because of the small size o f  
the individuals . A total of 1680 subsamples were proc�ssed for 
microinvertebrate analysis. 
Senthos 
Benthos sampling stations were located and subsamples wer·= 
obtained in the same manner as the water column samples . The samples 
... ere taken with a core sampler (4 . 76 an x 30. 48 cm, Fig. 3) rnaai fied 
from Swanson (1983) . Core samples ·1tere placed in clear plastic bags and 
returned to refuge headquarters for further processing. Excess soil and 
debris were removed from the samples by rinsing them through a U . S .  �o . 
30 self cleaning screen (Swanson 1977) with tap wat9r. Sample remains 
were returned to their respective bags, preserved and stained with th� 
alcohol-rose bengal solution. Orly half of the planned number Jf  
16 
samples were taken from Mes and none from JBS in July 1985 and no 
samples . .,,ere taken e:!uring August 1985 becausP. o f  drought. Only 
:nacroinvertebrates were picked from the benthos samples. They ·.ver� 
treated in the same fashion as water column macroinvertebrates. A tot�l 
of 680 benthos subsamples ·,vere collected during 1984 and 1985 . 
�skrats 
Muskrats created openings in the cattails an the JBS ungrgzed a r�a 
during 1984 and McS ungrazed area during 1985 . By avoiding any sampling 
in muskrat feeding and residential areas, the vegetation and 
invertebrate analyses were presumably not subjected to any bias 
associated with muskrat activities. 
STATISTICS 
Cattails 
One-way ANOVA 'Nas used to analyze c;:ittail 5tem densi ty data 
::iet·.veen treat:nent and ungrazed plots . To obtain approxtnate normality 
and impart validity to the test, r::at tail data ·.vere transformed 'Jy ::-ie 
equation, (x + 0 . 5) 0 · 5. The addition of 0 . .5 made it possii:lle to incluce 
responses of zero in the analysis ( Sokal and Rohlf 1969 ) . This ,...,,3s ;n 
important f::ictor to consider, especially for posttr<=at.11ent plots ,,ner=  
1any quadrats contained no  cattail stems . 
Grazed and ungrazed plot per�ent aerial cover and deptn of t�e 
litter layer were also compared 1Jsing one-way ANOVA . 
f 
' 
Temperature 
Average surface water and substrate temperature data 'Here not 
analyzed since the sample sizes were too small for valid statistical 
analysis . 
Thallophytes 
17 
One-way ANOVA was used to compare grazed and ungrazed plot per:en� 
aerial cover estimates of the three thallophytes. 
Passerines 
Chi-square contingency tables (2x2 with l df) were used to 3nal1:e 
passerine bird census data. Sloughs were ccmbined since there we:e not 
enough individuals to test within-slough differences .  The t NO bl3ckci:� 
species were also comoined because of small sample size of the :wo 
species considered separately. The t-110 species combined will :-ierea fter 
be termed "blackbirds" .  
�acre invertebrates 
Water column and benthos treatment means (all invertebrates 
combined) were calculated for each treatment per slough . Biomass 
treat:nent means were subjected to on�-way ANOVA. Abundance t:eat:nent 
means were analyzed with the CATMOO procedure : a chi-square analysis 
specially designed for functional , categorical data ( SAS Inst . Inc . 
1985) . The ',1/ilcoxon two-sample ranking procedure ( Sokal and Ronl f 1969) 
18 
'Has used to compare ordinal or familial macroinvertebrate biomass and 
abundance bebeen grazed and ungrazed plots . 
Microinvertebrates 
Since most of the microinvertebrate subsamples had extremely small 
values, they were combined for analysis . Average microinvertebrates per 
1i ter ·"'ere calculated by the eauation :  
taxon * 105 mean = aeptn-·-3I:67-;-3 (Lind 1979) , 
wnere 105 accounts for the dilution factor of the subsamples , depth is 
the 'Nater depth of the ·1tater column subsample, 31 . 67 is the water column 
sampler area constant and 3 averages the microinvertebrat� subsamples. 
Wilcoxon 1 s two-sample ranking procedure was used to comoare 
microinvertebrate taxon abundances between grazed and ungrazed p lots. 
Treatment means and overall means were analyzed using the CATMGO 
procedure . 
Diversitv 
Diversity indices were calculated and compared for eacn plot ( Zar 
1974). Diversity is a measure of the distribution of the individuals 
among categori�s (e.g . taxa). The concept is based en t�e general 
phenomenon that relatively undisturbed environments support communities 
in which no individual taxon is �resent in overwhelming abundance 
(Mat' l. Erw. Res. Ctr. 1973). I� the taxa in a given community �re 
ranked according to per�ent abundance, relatively few taxa should 
19 
contain large numbers of individuals. Stresses on the environment will 
generally reduce diversity by creating an unsuitable environment for 
some taxa while giving others a competetive advantage . 
Cattails 
Pretreatment 1984 
RESULTS 
Cattail stem densities were similar •ithin wetlands and between 
pregrazed and ungrazed plots during the May 1984 sampling session (Table 
1) except for live stem densities in JBS. 
?osttreatment 1984 
Grazing caused a significant reduction (P • 0.01) in live and dead 
cattail stems (Figs . 4 and 5, Table 1). The grazed �lots appear wh ite 
in Figures 4 and 5 because of the absence of live cattails. The stem 
density difference continued through the August 1984 sampling session 
except far the densities of dead stems in the JBS t:eat�ent plot which 
·�ere statistically similar between grazed and ungrazed plots. 
Posttreatment 1985 
!n July 1985, live cattail stem densities were still significantly 
�igher (P < 0.01) on the treatment plat compared to t�e ungrazed J l0t i� 
McS. The grazed and ungrazed live stem densities on �BS nad , by :,is 
time, become statistically equal . Dead stem densities continued to be 
Table 1. CATMOD analysis of mean2live and dead cattail stem densities (stems/m ) (n=75) of grazed 
versus ungrazed plots during pretreatment and 
posttreatment sureys in McCarlson WPA and 
Jailbait sloughs, Day County, South Dakota. 
Live cattails 
McCarlson Jailbait 
week Grazed Ungrazed Grazed Ungrazed 
pre 5/21/84 29 33 73 61 • 
post 7/16/84 2 58 .... 4 65 ... 
8/13/84 25 52 - 29 54 ... 
5/21/85 39 4 .... 71 28 . .. 
7/16/85 57 48 .... 68 61 
Dead cattails 
pre 5/21/84 53 51 57 60 
post 7/16/84 20 48 ... 26 63 . .. 
8/13/84 25 47 .... 51 49 
5/21/85 28 83 ... 40 123 .... .. 
7/16/85 14 46 ... 26 6d ... 
• Indicates significant differenc?. (? < 0 . 05) 
** Indicates highly significant difference (P < 0.01) 
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higher on the ungrazed versus grazed plots in both sloughs in 1985. 
Dead stem densities on the ungrazed plots were especially high (P < 
0.01) relative to the grazed plots during the 1985 May sampling session 
in both sloughs. 
Percent aerial cover of the litter layer was still significantly 
less (P < 0.01) in both treatment plots by July 1985 (Table 2) . Litter 
depth was significantly less (P < O .  0 1) only in �cs during this ti:ne . 
Temoerature 
The significant decrease in live and dead cattail stems directly 
influenced water and substrate temperatures (Table 3) which were higher 
on the grazed plots than the ungrazed plots. In McS, the ungrazed o lot 
substrate was frozen approximately 25 cm below the substrate surface an 
24 May 1985 . McS treatment, and JBS treatment and ungrazed plot 
substrates were not frozen during this time. Grazed plot substrate 
temperatures averaged 5.5 (JBS) and 10. 5 (McS) degrees higher by 24 
June, 1985 than the temperatures on the adjacent ungrazed plots . 
Thalloohvtes 
Star duckweed and little juckweed were present in oath sloughs. 
Thallose liverwort only inhabited McS . No comparisons ·.vere mace betNeen 
any of the thallophytes during May 1984 because of low frequency . 
The thallophytes in JBS reacted somewnat differently than these :, �cs 
( Tao le 4 ) . In JBS , little duckweed coverage estimates did not di ffer 
until May 1985 Nhen i: was signi flcantly mare abundant (P < O . Jl) on t:ie 
Table 2. One-way ANOVA o f  percent aerial coverage (n=75) 
and litter layer depth (n=75)) in McCarlson WPA 
and Jailbait sloughs, Day County, South Dakota 
on 21 May , 1985. 
Grazed Un grazed 
Percent aerial cover 
McCarlson 28 . 7  60 . 6  ... 
Jailbait 9. 9 76 . 3  ... 
Litter deoth 
McCarlson 22 . 6  33 . 5  ** 
Jailbait 18. 9 23 . 3  
... Indicates highly significant diff�rence (P < 0 . 01) 
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Table 3. Average (n=8) surface water and substrate (10 c� 
below substrate surface) temperatures (C) in 
McCar lson 'r'IPA and Jailbait sloughs , Day County I 
South Dakota on 24 June , 1985 . 
Treatment Control 
Water 
McCarlson 22. 5 15.l 
Jailbait 23 . 8 17 . 6  
Substrate 
McCarlsan 20. 1  9 . 6  
Jailbait 14 . 4  8.9 
25 
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Table 4 .  One-way ANOVA of average (n:75 ) percent aerial 
cover of Lemna turionifera (LO ) ,  Lemna trisulca 
(SD) and Riccia fluitans (LW ) in McCarlson WPA 
and Jailbait sloughs, Day County, South Dakota . 
McCarlson Jailbait 
week Grazed Ungrazed Grazed Ungrazed 
LD 5/21/84 
7/16/84 11 . 8  1 . 3  ** 2 . 2  0 . 1  
8/13/84 75 . 7  6 . 2  *'* 6.5 3.6 
5/21/85 l . 9a 0 . 1 
** 
7/16/85 2 . 6  0 . 7  ** 
so 5/21/84 
7/16/84 0. 5 o . s 12 . 5  6 . 3  * 
8/13/84 3 . 6  2 . 2  20 . 0  16 . 8  
5/21/85 17 . � 1 . 6  ** 
7/16/85 1.4 0 . 3 
u, 5/21/84 b 
7/16/84 16 . 8  1 . 9  ... 
8/13/84 15 . 9  1 .2 
5/21/85 
7/16/85 32 . 0  11 . 2  .... 
• Indicates significant difference (P < 0 . 05 )  
•• Indicates highly significant difference (P < 0.01 ) 
� Ory O L'i'I was not present in Jailbait slough during any time 
period . 
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grazed plot. Star duckweed was significantly more abundant on JBS 
treatment in July 1984 (P < 0.05) and May 1985 (P < q.Ol). Little 
duckweed and liverwort became so abundant in McS during July and August 
1984, that they formed a mat approximately l cm thick over much of the 
treatment area. Star duckweed, a submergent for most of its life cycle, 
apparently could not compete with the more 'abundant little duckweed 
and/or liverwort. It responded in JBS 'Nith a significantly higher 
abundance (P < 0 . 01) on the grazed plot during the following spring 
before abundance of little duckweed peaked . 
Passerines 
Pretreatment densities of territorial males of red-winged and 
yellow-headed blackbirds and yellowthroats were similar within and 
between sloughs (Table 5) . Common yellowthroat and blackbird densit i3s 
were significantly lower (P < O . Jl) on the grazed plots compared to :�e 
ungrazed plots in McS and JBS during posttreatment ��unts in 1984 and 
1985 . 
waterfowl pair use of wetlands (sloughs combined) prior to the 
grazing treatment was equal on the grazed and ungrazed plots (Taole 6) . 
The opennings created by �uskrat activity in JBS ungra:ed p lot at:rac:ec 
5% of all duck pairs censused, even after the adjoining t reatment plat 
�as grazed . However, ducks exhibited a higher affinity for the grazed 
plot. waterfowl pairs used grazed plots more (91% vs . 9%) than ungrazec 
Table 5. Contingency tables (2x2 with l df) of blackbirds 
(combined) and common yellowthroats (sloughs 
combined) during pretreatment (24 and 31 May , 
1984) and posttreatment (19 July and 16 Aug. , 
1984 and 16-20 July , 1985) counts. 
Grazed Ung razed 
x
2 Obs/Exp Obs/Exp Total 
Blackbirds 
Pretrt 29/22. 26 31/37. 73 60 
Posttrt 7/13. 73 30/23 . 26 37 
Total 36 61 97 8. 57 *'* 
Yellowthroats 
Pretrt 6/2. 58 4/7 . 42 10 
Posttrt 2/5. 42 19/15. 58 21 
Total 8 23 31  9 . 01 ** 
** Indicates highly significant x2 (P < 0 . 01) 
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Table 6. waterfowl pairs censused in McCar lson 'r'IPA and 
Jailbait sloughs, Day County, South Dakota during 
pretreatment (28 April, 16, 24 and 31 May, 1984) 
and posttreatment (19 July, 16 Aug., 1984 and 
14-17 May, 1985 ) counts. 
Grazed Ungrazed 
Pretreatment 
McCarlson 4 1 
Jailbait 1 4 
Total 5(50% )  5 (50%) 
Past treatment 
McC<irlsan 111 11 
Jailbait 41 4 
Total 152(91%) 15(9%) 
I 
I 
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plots (Tables 6). No ducks were present during the last two counts of 
1984 so the posttreatment totals represent only 1985 counts. Of the 177 
total duck pairs censused, blue-winged teal occurred most frequently 
(72%) followed by mallard (15%), northern pintail (6%), gadwall (4%) , 
redhead (Aythya americana) (1%), northern �hoveler (1%) and american 
coot (Fulica americana) ( < 1%). No broods were seen on either wetland at 
any time. 
Aauatic Invertebrates 
Sixty-nine invertebrate taxa were identified from the water column 
and benthos samples (App. A) . A complete list of all ordinal or 
familial comparisons between treatment and ungrazed plots has been 
i�cluded in Appendices 8-K. 
Oiversitv 
No pretreatment differences in microinvertebrate and 
macroinvertebrate communities were detected in either slougn between 
grazed or ungrazed plots (Table 7 )  during May 1984 . 
Whereas no di fferences Here detected bet·,11een the pretreat:nent 
invertebrate communities, there 'Here significant differences in 
diversity indices of  the immediate posttreatment invertebrate 
·:om111unities (Table 7). McS microinvertebrate and JBS water column 
macroinvertebrate communities were significantly different (P  < 0.05) 
between the grazed and ungrazed plots during July 1984. Highly 
significant differences (P < 0.01) were detected bet Neen the gr3zed and 
Table 7 .  T-test analysis of microinvertebrate &n=40), 
water column (n=40) and benthos (n=40 ) 
macroinvertebrate diversities of McCarlson WPA 
and Jailbait sloughs , Day County, South Dakota , 
during pretreatment (Pre) and posttrea��ent 
(Post) sampling. 
McCarlson Jailbait 
Week Grazed Ung razed Grazed Ungrazed 
�icroinvertebrates 
Pre 5/21/84 . 6104 . 5599 . 4802 .5481 
Post 7/16/84 .3670 . 4964 * . 6277 .7257 ... 
8/13/84 .6433 .6669 ---b 
5/21/85 .7504 . 6960 .4992 .5186 
·..iater column macroinvertebrates 
Pre 5/21/84 . 6656 . 6527 . 6642 .7417 
Post 7/16/84 . 5336 .876a .... . 6335 . 8129 • 
8/13/84 .9735 .9281 ---b 
5/21/85 .8191 . 9453 *' . 6969 .9419 .... 
8enthos macroinvertebrates 
Pre 5/21/84 . 5227 . 6546 .7046 .7382 
Post 7/16/84 .4487 .6809 ... 1. 0875 . 8332 .... 
8/13/84 .9842 .9035 1 . 0281 .9175 
5/21/85 . 6194 .6933 . 5182 . 7177 • 
7/16/85 .4797 .7581 .... --b 
* Indicates signi ficant difference (P < 0.05) 
:* Indicates highly significant difference (P < 0. 01) 
except during 7/16/85 where n=20 
b Ory 
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ungrazed plot communities in July 1984 for JBS microinvertebrates, McS 
water column macroinvertebrates and McS and JBS benthas 
macroinvertebrates. Na differences in invertebrate communities ·,11ere 
detected in the August 1984 posttreatment samples between grazed and 
ungrazed plots (Table 7). 
Invertebrate communities became significantly different bet·Heen 
grazed and ungrazed plots in the May 1985 posttreatment samples (Table 
7). Water column macroinvertebrate differences between grazed and 
ungrazed plots were significant (P < 0 . 05) in McS and highly significant 
(P < 0.01) in JBS. A significant difference (P < 0.05) was detected in 
JBS benthos macroinvertebrate communities between grazed and ungrazed 
plots. 
A highly significant difference (P < 0 . 01) in the bent�as 
macroinvertebrate community was detected bet�een the Jul/ 1985 grazed 
and ungrazed plots in McS (Taole 7 ) . 
Abundance 
There were significant differences (? < 0.01) in individual 
micrainvertebrate abundances and treatment means in McS during May 1984 
bebeen the grazed and ungrazed plots (Table 8) . Differences also 
occurred in McS water column (App . C) and JBS benthas (App . E) 
individual macrainvertebrate abundances and treatment means during t�is 
time (Table 8). Although no signi ficant differences in ind�v i dual 
benthic taxon means occurred in McS (App . E), differences in t�e 
treatment means ·,11ere significant during "1ay 1984 . 
... -� .. �·-� · 
.,t·i: · .? 
Table 8. CATMOD analysis of microinvertebrate 
( x/ l ,  n::40) , 'Nater �olumn ( x/1, n=40) and 
benthos (x/m2, n::40 ) macroinvertebrate abundance 
treatment means of grazed and ungrazed plots 
during pretreatment (Pre) and posttreatment 
(Post) sampling in McCarlson WPA and Jailbait 
sloughs, Day County, South Dakota . Overall means 
include only posttreatment samples. 
�cCarlson Jailbait 
week Grazed Unorazed Grazed Uncrazed 
Microinvertebrates 
Pre 5/21/84 508 289 ...,.. 2782 977 .... 
Post 7/16/84 3129 1398 ... 5855 3925 .. .. 
8/13/84 8830 688 - ----b 
5/21/85 636 3sa .... 2662 707 -
Overall mean 4198 815 .... 4259 2316 -
·11ater column macroinvertebrates 
Pre 5/21/84 54 35 • 43 59 
Post 7/16/84 36 30 106 l38 • 
8/13/84 117 76 ... ---b 
5/21/85 43 30 44 43 
Overall mean 65 55 75 n 
Senthos macroinvertebrates 
Pre 5/21/84 3315 2697 .... 7945 7669 * 
Post 7/16/84 3834 5309 H 2865 5716 •• 
8/13/84 11559 7570 H 24986 17486 •• 
5/21/85 7303 3287 ... 5871 2472 •• 
7/16/85 28399 12893 ** ----b 
Jverall mean 12773 7265 ... 11241 35,a .. .. 
• Indicates significant difference (P < 0 .05 ) 
;• Indisat�s highly significant d i f ference (? < 0 .01) 
n=20 during 7/16/85 
b Ory 
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Significant differences in individual taxa bet·11een grazed and 
ungrazed plots (Appendices 8, C, E) brought about significant 
differences (P < 0 . 01) between invertebrate treatment means during July 
and August 1984. Bebteen the grazed and ungrazed plots, JBS water 
column macroinvertebrate treatment means were significantly different ( P  
I 
< 0.05) in July 1984, McS water column macroinvertebrate treatment means 
were significantly different (P < 0.01) in August 1984 and McS and JES 
benthos macroinvertebrate treatment means were signi ficantly di fferent 
(P < 0.01) in both July and August 1984 (Tacle 8). 
Microinvertebrate treatment means and benthos macroinvertebrate 
treatment means were significantly different bet-Ileen grazed and ungrazed 
plots during July 1985 (Table 8) . 
Grazed plot inicroinvertebrate and benthos macroinver:eorate 
overall abundance means were signi ficantly greater (P < 0 . 0 1) than the 
l ungrazed overall abundance means (Table 8) . Signi ficant treatment mean t 
i 
differences did not bring about di fferences in ·"'ater ·:olumn ovenll 
abundance means (Tacle 8) . 
Biomass 
Neither McS nor JBS exhibited significant difference in bio�ass 
treatment means between the May 1984 pretreatment graz�d and ungrazed 
. " - ..... 
plots (Table 9) alt�ough significant differences did :ccur jetween mean 
biomasses of  individual taxa in McS Hater column and .;as bent�os 
invertebrates (Appendices 0 ,  F ) . Biomass treat�ent �eans durinq August 
1984 were significantly di fferent (P < O . Jl) only in McS (Table 9) . 
.. 
l 
l 
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Table 9. One-way ANOVA of �verag� water column (mg/l, n=40 
and benthos (mg/m , n::40 ) macroinvertebrate 
biomass treatment means of grazed and ungrazed 
plots during pretreatment (Pre) and posttreatment 
(Post) sampling in McCarlson WPA and Jailbait 
sloughs, Day County, South Dakota. Overall means 
include only posttreat�ent samples. 
McCarlson Jailbait 
'Neek Grazed Ungrazed Grazed unarazed 
'Nater column ;nacroinvertebrates 
Pre 5/21/84 7.3 8.1 16 . 4  10 . 8  
Post 7/16/84 19. 3 14.3 56 . 9  24.2 
8/13/84 73.4 63.8 ----b 
5/21/85 19. 4 9. 0 ... 68.6 21. 6 . .. 
Overall mean 37.4 29. 0 62. 8 22 . 9  H 
8enthos macroinvertebrates 
?re 5/21/84 781.6 2041 . 4  1226 . 8  925 . 6  
Post 7/16/84 4889. 8 12819.6 793�.l 13250 . 0  
8/13/84 12797.8 4434 . 0  * 5061 . l  8297 . l  
5/21/85 6444.5 856.0 9184.7 3 136 . 9 
7/16/85 6341 . 3  2869 .4  ----b 
Overall mean 7618.4 5244.a 7394.. 0 3228 . 0  
* Indicates significant difference (P , 0. 05) 
;� Indicates highly signi ficant di fference (? < 0. 01) 
n=20 during 7/16/85 
b Ory 
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Although some significant differences occurred in individual 
benthos macroinvertebrate biomasses between grazed and ungrazed plats in 
McS and JBS during May and July 1985 (Appendices D, F) , they did not 
influence the biomass treatment means (Table 9). Biomass treatment 
means were significantly different between �razed and ungrazed plots far 
water column macroinvertebrates in McS and JBS (P < 0.01) during May 
1985 (Table 9). 
On JBS, only the water column overall biomass �ean Has 
significantly higher (P < 0.01) on the grazed versus the ungrazed plots 
(Table 9). McS water column and benthos overall biomass means were 
higher, though not significantly, for the grazed plat than for t�e 
ungrazed plot . 
Percent of total abundance 
Pretreatment 1984 
Cyclopoids, rotifers and ostracods provided 95 . 0  and 97.2 �e:=ent 
of the microinvertebrate abundance in the ungrazed and grazed plats 
respectively during the pretreatment 1984 period ( Taole 10) . 'Nater 
column macroinvertebrate abundance consisted of 81. : and 87.2 percent 
conchostracods, oligochaets and acariids in the ungrazed and grazed 
plots, respectively (Table 11) . The benthos samples during pret:eatment 
1984 consisted of 73 . 7  percent oligochaets , conchostracods ana nematwdes 
in t�e ungrazed plots and 78 . S  percent of the same taxa in the grazed 
plots (Table 12) . 
Table 10 . 
..._ 
Period 
Pretrt 
1984 
Posttrt 
1984 
Posttrt 
1985 
' 
� 
l 
: 
t 
l 
Percent abundances of water column 
microinvertebrates collected from McCarlson WPA 
and Jailbait sloughs ( combined), Day County, 
South Dakota during the May 1984 (pretrt 1984), 
July and Aug . 1984 (posttrt 1984) and May 1985 
(posttrt 1985) treatment periods . 
Source Grazed Source 
Cyclopoida 80 . 9  Cyclopoida 
Rotatoria 13 . 0  Rotatoria 
Ostracoda 3.3 Ostracoda 
Harpacticoida l .  7 Oaphnidae 
Daphnidae 1 . 2  Har;::iacticoida 
Bosminidae 
Daphnidae 40.l Daphnidae 
Sosminidae 34. 0  Rotatoria 
Cyclopoida 15. 3 Bosminidae 
Rotatoria 7 . 4  Ostracoda 
Ostracoda 3. 2 Cyclopoida 
Harpacticoida <l. 0 Harpacticoida 
Daphnidae 65. 0 Oaphnidae 
Rotatoria 19.4 Ostracoda 
Ostracada 6 . 9  Cyclopoida 
Cyclapoida 5. 5 Rotatoria 
8osminidae 2.3 Harpacticoida 
Harpacticoida <l. 0 Bosminidae 
Ung razed 
51.0 
25. l 
17 . 9  
3 . 5  
1. 6 
< 1 .  0 
37 . 2  
25.2 
20.9 
7 . 7  
6.5 
2.6 
43 . 8  
23 . 4  
16. 5 
12 . Cl  
2 . 2  
2. 1 
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Table 11 . 
Period 
Pretrt 
1984 
Posttrt 
1984 
Posttrt 
. 1985 
I 
Percent abundances of water column 
macroinvertebrates collected from McCarlsan 'r'IPA 
and Jailbait sloughs (combined), Day County, 
South Dakota during the May 1984 (pretrt 1984), 
July and Aug . 1984 (posttrt 1985) and May 1985 
(posttrt 1985) treatment periods. 
Source Grazed 
Conchostraca 32. 5 
Oligochaeta 29 . 3  
Acari 25.4 
Collembola 3.9 
Oytiscidae 2.5 
Culicidae 2 . 1  
Chironomidae 1. 9 
Other 2 . 4  
Ceratopogonidae 19 . 8  
Oligochaeta 17.7 
Chironomidae 14.8 
Lymneidae 12. 0 
Planorbidae 10 . 3  
Tipulidae 8.7 
Psychodidae 4 . 3  
Physidae 2.7 
Corixidae 2.6 
Staphylinidae 1 . 9  
Ephydridae 1 . 4  
Other 4 . 0  
Ceratopogonidae 26.l 
Oligochaeta 22.s 
Psychodidae 21.5 
Chironornidae 12.2 
Ephydridae 4 . 6  
Carabidae 3 . 4  
Lymnaeidae 2.8 
Acari 1. 7 
Baetidae 1 . 0  
Other 4.2 
Source 
Conchostraca 
Oligochaeta 
Acari 
Culicidae 
Collembola 
Chironomidae 
Dytiscidae 
Lymnaeidae 
Other 
Chironomidae 
Ung razed 
45 . 2  
18.l 
17.8 
5.3 
4.5 
3 . 0  
1.3 
1 . 0  
3.7 
30.9 
Ceratopogonidae 23.6 
Oligochaeta 10 . 9  
Ephydridae 9 . 6  
Coenagrionidae 4 . 1  
8aetidae 3 . 1  
Conchostraca 2 . 9  
Psychodidae 2 . 5  
Planorbidae 2 . 1 
Lymnaeiaae 2.0 
Corixidae 1 . 2  
Chrysome lidae 1.1 
Otner 6 . 0  
Oligachaeta 28.9 
Chironomidae 20 . a  
Ceratopogonidae 13 . 8  
Physidae 8 . 8  
Ac�ri 6 . 3 
Psychodidae 5 . 4 
Carabidae 3 . 8 
Glosiphcniidae 3 . .3 
Dytiscidae 2.7 
i_ymnaeidae l .  .� 
Collembola 1.8 
Otner 2.2 
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Table 12. 
Period 
Pretrt 
1984 
Posttrt 
1984 
Percent abundances of benthos macroinvertebrates 
collected from McCarlson WPA and Jailbait 
sloughs (combined), Day County, South Dakota 
during the May 1984 (�retrt 1984), July and Aug . 
1984 (posttrt 1984) and �ay and July 1985 
(posttrt 1985) treatment periods. 
Source Grazed 
Oligochaeta 43. 3 
Conchostraca 28. 3 
Nematoda 6.9 
Chironomidae 5.2 
Tipulidae 3. 5 
Empididae 2 . 5  
Oytiscidae 1. 5 
Acari 1. 2 
Araneae 1. 0 
Culicidae 1. 0 
Other 5. 5 
Cl1ironomidae 23.6 
Oligochaeta 21. 2  
Lymnaeidae 12 . 7  
Helodidae 5.B 
Ephydridae 5 . 3  
Nematoda 3 . 4  
Psychodidae 3. 1 
Hydrophilidae 2. 9 
Ceratopogonidae 2.5 
Araneae 2. 3 
Dytiscidae 2 . 0  
Muscidae 1. 9 
Physidae 1. 8 
Tipulidae 1. 7 
Acari 1. 7 
Culicidae 1. 6 
Planorbidae 1. 3 
Other 5 . 3  
Source 
Oligochaeta 
Conchostraca 
Nematoda 
Chironomidae 
Tipulidae 
Ceratopogonidae 
Cecidomyidae 
Acari 
Other 
Oligochaeta 
Helodidae 
Chironomidae 
Lyrmaeidae 
Planorbidae 
Nematoda 
Campodeidae 
Acari 
Physidae 
Collembola 
Tipulidae 
Ung razed 
40. 0 
22 . 9  
10.8 
9 . 1 
5.3 
2 . 6  
1 . 5 
1. 4 
6. 5 
33 . 8  
17.0 
1 3 . 9  
6 . 2 
4 . 7  
3 . 7  
1. 3 
1 .  7 
1. 7 
1 .  5 
1.5 
Ceratopoganidae 1. 5 
Araneae 1.1 
1-iydrophilidae 1.1 
Culicidae 1 . 1  
Epnydridae 1. 1 
Psychodidae 1 . 0  
Other 5.7 
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Table 12. Continued . 
Period 
Posttrt 
1985 
Source 
Oligochaeta 
Nematoda 
Chironornidae 
Lyrnnaeidae 
Physidae 
Conchostraca 
Planorbidae 
Ceratopogonidae 
Oytiscidae 
Acari 
Other 
Grazed 
67. 0 
6.2 
5. 7 
s . s  
3. 7 
2. 1 
1.8 
1 .  2 
1. 0 
1. 0 
4.8 
Source Un grazed 
Oligochaeta 
Nematoda 
Chironomidae 
Lyrnneidae , 
Physidae 
Culicidae 
Dytiscidae 
Muscidae 
Conchostraca 
Ceratopogonidae 
Planorbidae 
Tipulidae 
Acari 
Hydrophilidae 
Other 
47. 5 
14.8 
8.7 
7.4 
2 . 9  
2 . 2  
'2 . 1  
2.0 
2 . 0  
1.3 
1 . 4  
1.3 
1.3 
1.2 
3.4 
40 
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Posttreatment 1984 
The order of microinvertebrate composition changed from 
cyclopoids, rotifers and ostracods in the pretreatment period to 
41 
daphnids, bosminids and rotifers in the posttreatment 1984 period (Table 
10). The latter group contributed 83. 3 per�ent of the ungrazed plot 
abundance in posttreatment 1984 . Daphnids and bosminids were also more 
abundant in the grazed plots during posttreatment 1984 . Cyclopoids 
remained among the three most abundant taxa in the posttreatment 1984 
grazed plots . The three taxa provided a combined microinvertebrate 
abundance of 89. 4 percent in the ,;irazed plots during this time period 
(Table 10). Similarly , water column macroinvertebrate abundance changed 
from conchostracods , acariids and oligochaets to chironomids, 
:eratopogonids and oligochaets and constituted 65. 3 and 52 . 3  percent, 
respectively, of :he total ungrazed and grazed p lot abundances ( Tao :� 
li) during posttreatment 1984 . water column lyrnna�ids and planoro ids 
oecame more abundant in the grazed plots during the pretreatment to 
posttreatment 1984 period while becomming more abundant in the grazed 
versus ungrazed plots within the ;,osttreatment 1984 time �eriod. 
Jligochaets , helodids and chironomids provided 64. 7  percent o f  the 
benthos macroinvertebrates in the ungrazed plots during posttreatment 
1984 , while chircmomids , oligochaets and lymnaeids constituted 57 . 5  
per:ent of the benthos macroinvertebrates iri tne grazed �lots ( Tao!� 
12 ) .  
l 
J 
Posttreatment 1985 
Oaphnids accounted for 43 . 8  and 65 . 0  percent of the 
microinvertebrate abundance in the ungrazed and grazed plots, 
respectively, during posttreatment 1985 (Table 10). Ostracods, 
cyclopoids and rotifers provided an additi9nal 51 . 9  percent of the 
microinvertebrate abundance on the ungrazed plots during this time. 
42 
Rotifers increased and ostracods and cyclopoids decreased in abundance 
in the grazed plots compared to the ungrazed plots and �rovided only an 
additional 31 . 8  percent to the microinvertebrate abundance in the grazed 
plots during posttreatment 1985. Oligochaets, chi:onomids and 
ceratopogonids constituted 63. 5 percent of the ·Hater column 
macroinvertebrate abundance in the ungrazed plots during t�e 
posttreatment 1985 period (Table 11). In the grazed plots, 
ceratopogonids increased, chironcmids decreased sligntly and osyc�odids 
became more abundant to provide 70 .1 percent 'J f the 'Hater :olumn 
�acroinvertebrate abundance in the grazed plots dur:ng t�e postt:�at�ent 
1985 period . Oligochaets, nematodes and chironomics �rovided 71 . 0  
�ercent of the benthos macroinvertebrate abundance i n  the ungrazed o ��ts 
compared to 78 .9  percent in the grazed plots during the �ostt:eat�enc 
1985 period (Table 12). 
Percent of total biomass 
Pretreatment 1984 
Conchostracods, oligochaets and acariids consti t�ted 81 . 1 and 87.2 
percent of the water column macroinvertebrate biomass �� c�e ungrazed 
43 
and grazed plots, respectively, during the pretreatment 1984 period 
(Table 13). While lymnaeids, ol:gochaets, physids and conchostracods 
accounted for 74. 9  percent of the benthos macroinvertebrate biomass of 
the ungrazed plots, conchostracods, oligochaets, physids and chironomids 
contributed 69. 6 percent to the treatment plots during the pretreatment 
1984 period (Table 14). 
Posttreatment 1984 
Some changes occurred in the compositions of water column and 
benthos rnacroinvertebrate biomass during the postt=eatment 1984 per:od. 
Conchostracods and acariids were displaced by chironomids and 
ceratopogonids to contribute, with oligochaets, 65.3 percent of the 
ungrazed and 52.3 percent of the grazed plot water column 
macroinvertebrate biomass (Table 13). Lymnaeid and planoroid oiomass 
increased in the grazed plot during posttreatment �984. �ymnaeL�s ar.d 
Ohysids constituted 82 . 5  and 82 . l  percent of the benthcs biomass in :�e 
ungrazed and grazed plots, respectiv�ly (Table 14). aentnas oligoc�aet, 
conchastracod and chiranomid biomasses decreased in both grazed and 
ungrazed plots during this same time. 
Posttreatment 1985 
Oligochaets, chironomids and ceratopogonids contr ibuted 63.5 
percent of the water column rnacroinvertebrate biomass , c�anging lit::e 
from posttreatment 1984 to posttr�atment 1985 (Table �3) . �lt�cugn 
:hironomid biomass changed little in the grazed plot, t�ey became less 
/L.4 
Table 13. Percent biomasses of water column 
macroinvertebrates collected from McCarlson WPA 
and Jailbait sloughs (combined), Day County, 
South Dakota, during the May 1984 (pretrt 1984), 
July and Aug . 1984 (posttrt 1984) and May 1985 
(posttrt 1985 ) treatment periods. 
Period Source Grazed Source Unorazed 
Pretrt Conchostraca 32 . 5  :onchostraca 45 . 2  
1984 Oligochaeta 29 . 3  Oligochaeta 18 . l  
Acari 25.4 Acari 17. 8 
Collembola 3 . 9  Culicidae 5 . 3  
Oytiscidae 2 . 5  :ollembola 4 . 5  
Culicidae 2 . 1  :hironomidae 3 . J  
Chironomidae 1.9 Dytiscidae 1 . 3  
1 
Other 2.4 :..ymnaeidae l . O  
:Jther 3 . 7  
Posttrt Ceratopogonidae 19. 8  :hironomidae 30.9 
1 1984 Oligochaeta 17 . 7  Ceratopogonidae 23. 6 
Chironomidae 14. 8 Jligochaeta 10 . -3 
Lyrnnaeidae 12 . 0  i::phydridae 9 . 6 
Planorbidae 10.3 :oenagrionidae 4 . 1 
Tipulidae 8 . 7  3aetidae 3 . 1 
Psychodidae 4 . 3  Conchostraca 2 . 9  
l 
Physidae 2.7 Psychodidae 2. 5 
Corixidae 2. 6 Planorbidae 2 . 1 
Staphy linidae 1 . 9  Lymnaeidae 2 . J  
Ephydridae 1 . 4 Corixidae 1 .  2 
Other 4 . 0  Chrysomelidae 1 . 1  
Other 6.0 
1 Posttrt Ceratopogonidae 26 . l  Oligochaeta 29.9 
t 1985 Oligochaeta 22 . 5  Chil'onomidae 20 . 8  
l Psychodidae 21 . 5  Ceratopogonidae 13 . 8  
! Chiranornidae 12.2 Physidae 3 . 8  
! Ephydridae 4.6 Acari 6 . 3  � Carabidae 3 . 4 Psychodidae 5 . 4  
f Lyrnnaeidae 2 . 8  Carabidae 3 . 3  Acari 1 .  7 Glosiphoniidae 3 . 3  
1 Saetidae 1 . 0  Dytiscidae 2. 7 
: Otrier 4 . 2  1_ymnaeidae 1 . . 3 
I 
Callembola l . 8 
Other 2 . 2  
! 
J 
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Table 14 . 
Period 
Pretrt 
1984 
Posttrt 
1984 
Percent biomasses of benthos macroinvertebrates 
collected from McCar lson WP.a. and Jailbai t 
sloughs ( combined) , Day County, South Dakota 
during the May 1984 ( pretrt 1984) , July �nd Aug. 
1984 (posttrt 1984) and May and July 1985 
(posttrt 1985) treatment periods. 
Source Grazed 
Conchastraca 27.l 
Oligochaeta 22 . 6  
Physidae 11. 3 
Chiranomidae 8. 6 
Culicidae 6 . 6  
Nematoda 5. 4 
Tipulidae 3.4 
Empididae 2. 7 
Muscidae 2.3 
Dytiscidae 2.1 
Acari 1.6 
Curculionidae 1. 5 
Hydrophilidae 1. 0 
Other 4. 0 
Lymnaeidae 66. 7 
Physidae 15. 4 
Hydrophilidae 3 . 9  
Oligachaeta 2. 1 
Chironomidae 1. 6 
Tabanidae 1. 4 
Helodidae 1.4 
Araneae 1.1 
Ephydridae 1.0 
Other 5. 2 
Source Una razed 
Lymnaeidae 34.9 
Oligachaeta 14 . 9  
Physidae 13.0 
Conchastraca 12.l 
Nematoda 4 . 3  
Chironamidae 3 . 4  
Tipulidae 3. 1 
Oytiscidae 2.8 
Culicidae 2 . A  
Ceratopaganidae 2.1 
Muscidae 
Other 
Lymnaeidae 
Physidae 
Oli gochaeta 
"'ielodicae 
Syr;:ihidae 
Planoroidae 
Chironomidae 
Hydrophilidae 
Other 
1. 9 
5 . 3  
72 . l  
10 . .'.l 
3 . 3  
3. 3 
2 . 1  
1. 5 
L A  
1 .  2. - , , . ... 
45 
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Taole 14. Continued . 
P�riod Source Grazed 
Posttrt Lymnaeidae 68.l 
1985 Physidae 15 . 5  
Oligochaeta 7 . 5  
Muscidae 1.1 
Stratiomyidae 1.1 
Conchostraca 1 .  f) 
Hydrophilidae l . O  
Other 4 . 9  
Source Ungrazed 
Lymnaeidae 55 . 9  
Oligochaeta 13 . 5  
Stratiomyidae 5 . 7  
Culicidae 3 . 5  
Hydropnilidae 3 . 4 
Oytiscidae 2 . 6  
Nematoda ? ,, _ , o  
Chil':inomidae 2 . �  
0hysidae 2 . 2  
Conchostrac:=1 1 . 4  
Curculionidae 1 . 2  
Muscidae l . O  
Other 4 . 5  
t 
i 
I 
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important than psychodids Nhich, �ith ceratopogonids and oligochaets , 
contributed 70 . l  percent of the water column macroinvertebrate biomass 
during posttreatment 1985 . Lymnaeids contributed more ta the benthos 
biomass than all other taxa combined during posttreatment 1985 (Table 
14). While physid biomass decreased in the ungrazed plots between 
posttreatment 1984 and posttreatment 1985, their �icmass contribution 
remained unchanged during that time period in the grazed plots . 
Lymnaeids and oligoch�ets constituted 69.4  percent of the ungrazed 
macroinvertebrate biomass while lyrnnaeids and physids contributed 83 .6  
percent of  the grazed biomass during posttreatment 1985 . Oligoc�aet 
biomass increased in the grazed plots during the posttreatment 1984 tJ 
posttreatment 1985 time lapse . 
DISCUSSION 
Many natural, semipermanent wetlands in the ?rai.=ie Pat:iole ;e�:on 
have become choked with cattails and are of little use ta Nat!rf:w l 
because the normal , cyclic pattern of cattail die-of � and 
establishment has not occurred. Cattail litter has accumulated and liv� 
stem densities have increased in these wetlands because of a lacK o f  
grazing by large herbivores or muskrats, the decline in natural orairie 
fires (Kantrud 1986) or the lack of sufficient wetland Nater depths 
required to drown out dense stands of cattails . 
This study demonstrated that if �he experimental wetlands nae 
continued to exist without the application of a grazing tr�atment ' :::, ""' \ - . ·� . 
I 
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the ungrazed plots), cattails would have continued to dominate, 
passerine birds would be more abundant, waterfowl would be less abundant 
and aquatic invertebrate abundance and biomass would remain relatively 
low . However, a grazing intensity of 3 . 75 AUM ' s  for 28 consecutive days 
was sufficient to alter the biotic state represented by the ungrazed 
plots : 1 )  live cattail densities decreased, 2 )  dead cattail stems 
decreased, 3 )  residual litter depth and aerial coverage cecreasea, 4) 
water and substrate temperatures increased, 5 )  passerine bird numoers 
decreased, 6) thallophyte percent aerial coverage increased , 7 )  
invertebrate abundance and biomass increased, and �) duck �air use 
increased. 
Effects of grazing on cattails 
Considering the low water depths witn respec� ta tne var:aol� 
heignts of cattail stems after the grazing treatment, tne cat tail 
response I observed during 1984 and 1985 compares reasonably Nell w : �:-i 
responses reported by other researchers using si�i:ar, mechanical 
treatments (Table 15 ) .  Each study shewed variaole success ·,o1i t:-i 
treatments but all indicated a common conclusion :  "'ater must be �resent 
immediately following the trea:ment at a depth that ·,o1ill .::::impletely 
flood the cut ends of both live and dead cattail s talks in order ta  
reduce cattail densities . water restricts the air supply to the 
rhizomes and kills the plants by oxygen starvat:an ( Murkin and �ard 
1980, Sale and Wetzel 1983) . JBS and �cs plats dr:ed up in 1984 as "' '"IP ..,., I ,., 
summer �rogressed and allowed the cattails to pa=tially recover from any 
�-- --- - · .. __ __ ......_.1�-·- - · ·-- .. - -- - �·--·· - ···--·· -··-·- ----...... -� - . 
............._._ � 
Table 15 . A compar ison of  reported results  of  various cat ta i l  treatments and their effects 
on catta i l  control . Some data have been recalculated for comparatl ve purposes . 
Author/ 
treatment Date 
Present 6/1 1  
study/ to 
graz ing 7/09 
Beu le 6/16 
( 1979 )/  6/22 
crushing 6/30 
7/07 
cutt ing al l 
stems 7/05 
cut ting green 
stems 7/05 
We l ler 6/25 
( L9 75 ) /  6/25 
cut t i ng 6/25 
6/25 
Ne lson and July 
Dietz  & 
( l'J66 ) /  Aug . 
cul t  lng 2x 
Cut re lative to 
water surface (cm)  
JBS - variable 
McS - variable 
- -·- ---
below 
below 
below 
below 
below 
below 
+ 1 5-25 
I) 
-5 
-15  
+ 3 . 8  
l) . () 
-2 . 5  
-4 . 5  
Avg. water depth (cm)  
oh date l yr . later 
1 1. 7 0 . 0  
28 . 0  0 . 0  
--- 46 . 0  
6. 0 37 . 0  
14 . 0  47 . 0  
6 . 0  45 . 0  
23 . 0  25 . 0  
25 . 0  18 . 0  
--- ---
--- ---
--- ---
--- ---
3 . B  ---
6 .  {) ---
2 . 5  ---
20 . fl ---
Avg. stems/m2 
before !_yr . later % Control  
73 . 0  68 . 0  < 1 . 0  
29 . 0  57 . 0  0 . 0  
39 . 0  1 7 . 0 ( Sept . )  56 . 0  
39 . 0  39 . 0  0 . 0  
,,4 . 0 7 . 0  84 . 0  
42 . 0  5 . 0  88 . 0  
53 . 5  9 . 5  82 . 0  
37 . 5  33 . 5  1 1 . 0  
74 . 9  4 1 . 2 45 . 0  
69 . 7  0 . 0  100 . 0  
80 . 3  0 . 0  100 . 0  
82 . S  0 . 0  100 . 0  
.n . 6  3 1 . 5  6 . 3  
1 7 . 2  8 . 4  51 . 0  
28 . 6  0 . 96 96 . 7  
28 . 2  0 . 0  100 . 0  
- . ·-· - � 
---, 
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possible o
2 
starvation that may have begun. Beule (1979) reported a 
similar response after his cattail crushing experiments in which only 7% 
cattail control occurred following a midsummer drawdown. 
Live cattail stem densities ·..-ere slightly higher on the grazed 
versus ungrazed plots in 1985 although grazing significantly reduced 
cattail stem densities in the grazed plots prior to that time . I 
attribute this response to the decrease in live and dead cattail stems 
and the concomitant increase in temperatures of the ·Nater column and 
substrate. This agrees with Linde et al . ( 1976) .vho associated 
increased cattail growth rates with higher temperatures . 
Effects of grazing on thallopytes 
The decrease in live and dead cattail stems and litter :ayer in 
combination with an increase in water temperature (Hillman 1961 ) is 
probably the overriding factor for the more frequent occurrance of 
thallophytes on my grazed plots . Weller and Fredrickson (:974) reoorted 
an increase of floating plants . ..,i :h increased open water. Conversely ,  
Rejmankova (1978) reported poor lemnid growth as macrophytes oecame 
denser and incoming solar radiation decreased . He found higher �ax i�um 
seasonal duck·..,eed biomass (dry weight) in open spaces ·Nithin � 
angustifolia stands (50-150 g/m2) than in either loose stands (50-90 
g/m2) or dense stands (9-10 g/m2) .  Beule (1979) found simi lar 
reductions of tnallophytes with an increase in stem dens�t ies o f  
emergent cattails. 
I 
I 
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Effects of grazing on passerine birds 
The negative effect grazing had on passerine birds was 
manifested especially in the behavior of the birds in relation to the 
reduction of cattail nesting caver. With a 1: 1 ratio of cover to water, 
the hemimarsh condition is as heterogenous ,as possible and is usually 
associated with a higher diversity of wetland fauna (Weller and Spatcner 
1965). Conversely, with extreme proportions of cover or water, fewer 
species are found per wetland . The decline of passerines using my 
grazed plots suggests that the grazing treatment producsd a condition 
that was less suitable for all passerine birds. The tradeoff of fewer 
passerines for greater duck use may be an acceptable management practice 
especially where, as with these wetlands, management is directed t�ward 
higher duck production . 
JBS was nearly dry by the time sampling began for posttreat�ent 
oird responses . This could have directly affected the abundances Jf 
blackbirds at that time (�eller and Spatcher 1965) . This is :easonaole 
because common yellowthroats, being less obligate marsh species than 
blackbirds, did not seem to be affected as much by the drought 
condition. Additionally, if blackbird breeding was essentially 
finished, those blackbirds nesting on the grazed plots may have had no 
further stimulus to stay on the grazed plots whereas blackbirds 
nests intact may still have had a slight stimulus to scay and r�ma!n 
somewhat territorially active . 
i 
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Effects of grazing on ducks 
The ten fold increase in duck use on the grazed plots over the 
ungrazed plots is apparently associated with the provision of suitable 
habitat . Two recent studies on the effect of environmental 
heterogeneity on waterfowl were conducted by Kaminsky and Prince (l98la) 
and Murkin et al . ( 1982 ) .  These studies demonstrated that high 
waterfowl use occurs because hemimarsh provides a proximate cue :a an 
abundant supply of aquatic invertebrates. The latter �reposed that 
hemimarsh also provides visual isolation which results in greater use �Y 
·Naterfowl. Patterson (1976 ) viewed this tendency to use hemimarsh as an 
evolutionary adaptation of dabbling ducks to temporal environmental 
heterogeneity through the rapid equilibration of populations wi:� 
habitat availability . This has allowed local peculations ta exist at 
relatively high densities in a spatially heterogenous env :ronment 
through which ducks can maximize use Qf available water area and food 
resources (Patterson 1976 ) .  In  this study , all of the ducks censused sn 
the ungrazed plot of JBS wer= flushed from the open 'Hater area :::eated 
by muskrat cuttings. This further exemplifies the attraction of ducks 
to open water pockets within hemimarsh . Chabrecx ( 1963 ) concluded t��t 
the benefits of controlled saltmarsh grazing to ducks included a 
decrease of vegetation density, a return to a lower suc�essional sta�e 
and an increase in  food production . Furniss (1938 ) agreed that cattl� 
reduced heavier stands of cattails, but he felt grazing was deleter �ous 
to some duck species because it destroyed some of t�eir aver�ater �ests . 
In terms of advantages to ·Haterfowl and duck pr-::cucticn, ! ':JeL.eve thi:: 
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conversion of extremely poor breeding habitat to a more suitable 
condition will usually outweigh the loss of a few overNater duck nests . 
Sy being able to provide wetland habitat that is more conducive to duck 
pair use, resource managers coulc potentially attract more pairs of 
nesting ducks in closer proximity to better upland nesting cover, and 
thereby potentially enhance waterfowl production . This management 
option has the potential of being used over a broad geographic area, 
particularly the glaciated prairie pothole region of the U.S. and Canada 
where ducks and cattail choked semipermanent wetlands are common . 
Kaminsky and Prince (l98lb) observed the second highest density of 
duck pairs on their 30: 70 hemimarsh plots. This is a cover to water 
ratio visually more similar to what occurred on my plots. Perhaps 
waterfowl use of my grazed plots during the spring af 1985 would nave 
been even higher had the cover ta water ratio been c loser �o the 50 : 30 
ratio reported �y Kaminsky and Prince (l98lb) or Murkin et al ( 1932) . 
'H ithout prescribed grazing, burning or some other ::eat�ent, sui:ab �e 
habitat available to waterfowl is essentially limited unless r�f�ood:ng 
and subsequent drawdown re-initiates the ·Netland cycle . 
Effects of grazing on invertebrates 
water temperature is probably the most important fact�r af fecti�g 
the invertebrate responses in my grazed plots . �rawth, metabolism , 
r:production, emergence and invertebrate distribution are all :!epencant 
·Jeon o11a ter temperature ( Hynes 1970, ?recnt 1973, ·..iard and Stan fcrj 
�982). The reduction of the above-,o1ater emergents by cat:le on :ny 
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grazed plats allowed more light ta reach the water and resulted in the 
higher water temperatures necessary to induce these temperature 
dependent invertebrate responses . 
A majority of the invertebrates sampled in this study are 
dependent upon detritivory and herbivory . .  It appears that the grazing 
treatment created environmental conditions conducive to the 
invertebrates ( e . g. crustaceans and gastropods) capable of taking 
advantage of increased detrital loads . Organic input from cattle 
droppings and an increased breakdown of the litter into f:ner 
particulate organic matter by grazing and trampling may have played an 
important role in this outcome (Mackay 1985). Manur:ng is often used jy 
fisheries managers to increase invertebrate production (Bardacn et al . 
1972) . The decomposition of manure releases nutrients that direc: l y  
influences the abundance of  phytoplankton on Nhich zoop lankters graz� 
( 3oyd 1982). On my grazed plots, the major vegetat!ve component 
converted into manure was the standing crop of live :attails wnich would 
not ordinarily decompose until the fallowing year or later. This input, 
although autochthonous, made some cattail components mar� availabl� to 
invertebrates much sooner than natural , and thus may je partially 
responsible for the invertebrate increases on my grazed p lots. 
Nelson and Kadlec (1984) discussed two situations in which 
�acrophytes might influence invertebrate production : l) when flooded 
litter �rovides a structurally complex habitat on �h!c� rich growths J f  
epiphitic algae colonize and 2) when breakdown of litter, �icrobial  and 
fungal colonization, and macroinvertebrate feeding activ ity �rocuce fine 
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particulate organic matter (FPOM ) .  It is possible that the nearly total 
removal of the live and dead vegetation from their study plots is the 
reason why Murkin et al. (1982) did not note �ny invertebrate responses 
to their treatments. Cattle traffl)led much of the standing litter on �Y 
grazed plots and immediately created aquat\c habitat suitable for 
epiphyte and invertebrate occupancy . Trampling by cattle on my grazed 
plots may have also accelerated the decomposition process by breaking uo 
much of the residual vegetation and thus incr�asing the total surface 
area for microbial activity . Ini:ially , nutrient (N, P ,  K, Ca) losses 
due to leaching and translacation can be great (Davis and van der Valk 
1978) but it takes much longer for microbial erosion to change the 
structural plant components to forms useable by organisms (e. g .  
dissolved organic carbon and co
2) on the lower end of the Food wea 
( Godshalk and Wetzel 1978). Godshalk and Wetzel (1978) noted 
jecomposition rates are also affected by temperature and oxygen. 
Microbial conversion of FPOM to dissolved organic matter ( �OM) is 
dependent upon higher temperatures ·"'hereas the conversion of DCM to :::c2 
is more dependent on the concentration of o2. Perhaps grazing 
facilitated temperature and o2 increases by mixing the water column and 
substrate. 
Neither Kaminsky and Prince (198lb) nor Murk in et al . ( 1982) f.:und 
differences in invertebrate abundances relative to the:r habitat 
manipulations . They reasoned that the openings were tao r!cent and t�a 
artificial ( although Kaminsky and Prince ( l98lb) burned the plane l i :ter 
before rototilling) for an inverteorate response tJ occur . Comoar=d :J  
i 
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the methods of Murkin et al. (1982), my 28 day grazing treatment at a 
rate of 3. 75 AUM ' s possibly allowed more time, and more natural 
conditions, in which a positive invertebrate response could occur. 
Whereas Murkin et al . ( 1982) removed the substrate on which 
invertebrates would eventually feed, the vegetation in this study ...,as 
irmiediately returned back to the wetland in a form more useable by 
invertebrates. ; 
Neither �aminsky and Prince (l98lb) nor �urkin et al. ( 1982 ) 
detected any differences in invertebrate diversity because of the 
negligible treatment differences they found in abundances. The lowe: 
invertebrate diversities found on my grazed plots compared to my 
ungrazed plots ·,11as caused by a decrease in the number of taxa in tne 
grazed plots . However , in every instance where a significantly lowe: 
div�rsity occurred on my grazed plots , total invertebrate aouncance 
and/or biomass 'Has higher . 
Percent abundance and biomass of cladocerans, cyclopoid cope�ocs 
and gastropods generally increased as a result of the gnzing t:eat:11e"',t 
·Nhereas percent abundance and biomass of chironomids declined. The 
increase of the former, however , ·"'as more pronounced than :he decrease 
of the latter. Further:nore, there was a general, if not significant, 
increase in total invertebrate abundances and biomasses. �ll factors 
considered , I believe the potential for this type of grazinq trcat:11ent 
to provide preferred invertebrate Foods to reproductively active 
dabbling ducks is positive . 
i 
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MANAGEMENT IMPLICATIONS ANO RESEARCH RECOt+1ENOATIONS 
My research findings showed that cattle grazing can potentially be 
used to create opennings in cattail choked wetlands and subsequently 
reduce blackbird nesting cover, increase aquatic invertebrate 
populations and increase the use of these wetlands by breeding 'Hate:rf:Jwl 
pairs. 
It was also apparent from these results that a single grazing 
treatment of 3.75 AUM 1 s for 28 days did not produce a long lasting 
reduction of cattails in my study plots. Grazing was not intensive 
enough , and water was not permanent enough, to cause fatal injury to at 
least half of the cattail plants so as to create the desired hemi��rsn 
condition. To correct for this shortcomming, : am convinced a grazing 
scheme incorporating more intensive grazing treat�ents could �ring about 
longer lasting treatment effects as illustrated in this fenceline 
contrast (F ig . 6). These treatments could be implemented 'H ii:hin :he 
same growing season or over several years. In either case, I feel the 
g�azing treatment should be done rapidly using extremely high stocking 
rates, perhaps 10-15 AUM 1 s. This would also reduce the addi tional 
stress cattle must endure in longer-term grazing treatments in a rno is: 
soil environment. 
The use of cattle grazing for the management of emergent 
vegetation will not be appropriate in all wetland situations, 
�articularly whe:r� precise results are necessary. But in areas �ct 
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suited ta mechanical manipulation, efficient vegetation control can be 
conducted by grazing . The timing and intensity of the grazing pressure 
can be regulated to meet particular objectives. Cattle conditioned to a 
diet of marsh plants, especially the ones they will be grazing, would be 
most desirable . Dry dairy cows may be more efficient at converting 
roughage than beef cattle and they would be easier ta contain with 
electric fencing than were the steers in this study . Cattails can 
provide 9-12% crude protein and 50-60% digestibile dry matter until the 
CTP (Hubbard et al. in prep.). Thus, they can provide a goad 
alternative source of forage for cattle especially in dry years . 
Landowners may be inclined to keep their wetlands rather than drain them 
if more ·.vetland values such as forage and nutrition are known .  This may 
help to maintain and preserve the existing wetlands in the Prai:.:.e 
Pothole Region . 
Relative to future research similar to tnis study, it should Je  
emphasized that it took an inordinate amount of time and money to 
;:,rocess the 1160 macroinvertebrate samples . Even witn this :nany sainples 
from four plots in two wetlands, the data were, as in most invertebrate 
populations, highly variable. Thus the question arises : How many 
samples should be taken to efficiently assess treatment effects on 
irwertebrates'? More samples rnay not have reduced the variability ·,i1h.:.c� 
I observed in thi� st�dy. Only taking half of the number J f  s��ples ( 2Q 
versus 40 ) would �ave oeen more time efficient in the long term and 
perhaps would not have greatly increased the variability . I recommend 
taking no less than 10 samples per acre. More efficient invertebrate 
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analysis may call for the relaxation of alpha level constraints on fewer 
samples. I would recommend that the alpha level not be reduced to less 
than 0.20. It may also be desiraole to reduce the numoer of  families 
subjected to analysis. I suggest that analysis be limited to, perhaps, 
only abundance assessment of the invertebrates most important to 
waterfowl. If biomass assessment is still desired, limiting the number 
of taxa would reduce the exorbitant amount of time involved, althau�h 
technicians sorting the invertebrate samples would need to be intimately 
familiar with invertebrate taxonomy . Since dabbling ducks probaoly feed 
mostly from the water column, and since a �ore diverse invertebrate 
community will usually be found in the water column compared to the 
substrate, I suggest that substrate sampling could be ignored altogether 
in most vegetative removal-invertebrate response studies of  this nat�re . 
My water column and benthos samples contained large quantit:�s 
of  debris. Activity traps (Murkin et al. 1983) would reduce most of :�e 
unwanted, extraneous material and would decrease invertebrate sorting 
time immensely. 
Lastly, I would recommend continuing research on grazing-csttai l -
waterfowl relationships, particularly towards learning more about 
�anaging for longer lasting cattle grazing treatment effects. 
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Appendix A. A cumulative list of the invertebrate taxa 
identified from McCarlson WPA and Jailbait 
Sloughs, Day County , South Dakota during 
the sU1T1T1ers of 1984 and 1985 . 
Phylum Rotatoria (rotifers) 
Phylum Nematoda (nematodes) 
Phylum Mollusca 
Class Gastropoda 
Order 8asonvnatophora (snails) 
Family Physidae 
Planorbidae 
Lymnaeidae 
Phylum Annelida 
Class Oligochaeta (fresh water earthworms) 
Class Hirudinea (leeches) 
Family Glosophoniidae 
Phylum Arthropoda 
Class Crustacea 
Order Anostraca (fairy shrimp) 
Order Conchostraca (cl3fll shrimp) 
Order Cladocera (Nater fleas) 
Family Oaphnidae 
aos:ninidae 
Order Ostracoda (seed s�rimp) 
Order Copepoda (copepods) 
Suborder Calanoida 
Cyclopoida 
Harpacticoida 
Order Amphipoda (scuds) 
Class Insecta 
Order Oiplura (diplurans) 
Family Campodeidae 
Order Collemoola (Springtails) 
Order Ephemeroptera (mayflies) 
Family 8aetidae 
Caenidae 
Order 8donata (dragonflies and damselflies ) 
Suborder Zygoptera 
Family Coenagrionidae 
Lestidae 
Suborder .�nisoptera 
Family Gomphidae 
Libellulidae 
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Appendix A. Continued . 
Order Thysanoptera (thrips) 
Family Phlaeothripidae 
Order Hemiptera (true bugs) 
Family Saldidae 
Corixidae 
Pleidae 
Mesoveliidae 
Gerridae 
Veliidae 
Order Homoptara (aphids and hoppers) 
Family Psyllidae 
Aphididae 
Order Lepidopt�ra (buttarflies and moths) 
Family Pyralidae 
Order Coleoptera (beetles) 
Family Carabidae 
Haliplidae 
Dytiscidae 
Hydrophilidae 
StaphylinidaP. 
Lampyridae 
Helodidae 
Elmidae 
Chrysomelidae 
Curculionidae 
Order Oiptera (flies) 
Family Tipulidae 
Psychodidae 
Dixidae 
Culicidae 
Chaoboridae 
Ceratopogonidae 
Chironomidae 
Cecidomyidae 
Stratiomyidae 
Tabanidae 
Empididae 
Oolicnipodidae 
Syrphidae 
Epnydridae 
Sciomyzidae 
Scatophagidae 
Muscidae 
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Appendix A. Continued. 
Order Hymenoptera (wasps and bees) 
Family Tenthridinidae 
8raconidae 
Pteromalidae 
Chalcididae 
Scelionidae 
Formicidae 
Class Arachnida 
Order Acari (ticks and mites) 
Order Araneae (spiders) 
n 
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Appemix B. Wilccmn tt.io-sample rack tests of ..ater colum microinvertebrate 
abundance (x/1) data collected fnm �tlson 'J?A ani Ja:ilhait 
s�, lay Coonty, Saith ralcota. 
M:Carlson Jaj]bait 
Week Source Grazed lllgrazed Grazed Ungrazed --
5/21/84 Cyclopoida 410(34)a 171 (40)** 2252(40) 474(40)** 
Pctator:1.a 26(3) 13(25) 402(37) 317(39) 
C'stracoda 20(28) 67(34) 87())) lffi(29) 
J:aphnidae 25(35) 38(37) 13(20) 6(21) 
Harpacticoida 27(2) 28(1i) 21 (6)* 
7/16/84 Cyclopoida 35(38) 75(32) 70(30) 160(37) 
Pctatoria 65(32) 1033(40)** 536(39) 215(33) 
C'sttacoda 6(19) 25(29) 292(33) 325(37) 
Iaphnidae 3021 (38) 264(36)** 3451 (38) 1843(37)* 
BosniDjdae 1 (8) 1 (5) 1506(33) 1228(22)* 
Harpacticoida 155(7) 
8/13/84 Cyclopoida 2628(39) 156(32)** 
b -
Pctatorta 719(38) 401(36)** 
C'stracoda 266(36) 1 12(35)* 
Iaphnidae 671 (37) 128(30)** 
Bos!rl.nidae 4546(40) 27( 17)** 
Harpacticoida l ( 1) 
5/21/85 Ojcl.opoida 122(39) 1 19(38) 59(33) 5
6(34) 
Pctatorta 88(38) 106(35) 552 (40) 22(19)** 
C'stracoda 163(38) 74(3i) 65(31) 175(33) 
Iaphnidae 162(39) 13(23)** 1983(40) 454(39)* 
Bosn:inidae 88(38) 22( 17)** 3 (1) 
Harpacticoida 13(31 )  23(1 1)** 
a 
b Denotes m!Bil and
 frequency ( ) of 40 poes:ihle occurrences. 
* Indicates significant (P < 0. 05) . 
** Indicates highly significant (P < 0.01) . 
Appeodix c. Wilcamn' s �e rank tests of water co.limn :nacroimertebrate 
� 
5/21/eA 
7/16/eA 
abundance (x/1) data collected from �lson wPA and Jai1ha1t 
sloughs, Iay C.ounty, South J:akota. 
M:C.arlson Jailbait 
SJurce Cnzed tl1gramd Graz.ed lbgrazed - -
Cl1.:l.ralODi.d 1 (17)a 1 (14) 3 (1 1) 10(8) 
L)'DllMida e <1 (8) <1 (7) <1 (4) <1 (4) 
Ol.1gocha.eta 16(39) 6(22)** 21(38) 23())) 
Strat:i.cmJjdae <1 (3) 
Dyt:l.sddae 1 (22) <1 (10)* 1 (1 1) 1 (6) 
tipu.ljdae <1 (8) <1 (3) <1 ( 1) <1 (2) 
kart 13(36) 6(30)** 9(35) 1 1 (34) 
Cax:ostraca 18(38) 16(37) 6(25) 7(27) 
C.01.leni>ola 2(22) 2(17) 1 ( 12) 3(18) 
Arace.ae <1 (1 )  <1(3) 
Plamrb:idae <l (l) <1 (2) <1 (4) 
Miscidae <1 ( 1) <1 (3) 
Hydrophilidae <1 (4) <1 (1) <l (3) <1 (4) 
01Jkidae 1 (21 )  2(28)* 1 (12) 1 (17) 
Coeoagriawiae <1 (3) <1 (2) <1 (2) <l (3) 
Physidae <1 (2) 
iliroillcnidae <l (1)  
Oli.raxmidae 3(23) 9(34)** 3(18) 5 1 (34)** 
Lyma.eidae l (5) 4(31)** l (7) 8( 1 1) 
Oligocha.eta 2(25) 8(32)* 25(32) 36(36) 
Strat.:ianyidae <l ( 1) 
Dydscidae 1(18) 1 (10) 2(1 1) 2(16) 
kart 3 (24) 3 (23) 5 ( 10) 6(14) 
Ceratopogonidae 1 (12) 1 (6) 
C.Ol.leni>ola 2(13) 1 ( 17) 58(27) 6(25)** 
PSj'clxxiidae 1 ( 1) 
Plaoorb:idae <1 (2) 1 ( 14)* <l ( 1) 2( 12)* 
Araneae <l (6) 
Syrphidae <l ( 1) 
Hydrophilidae <1 (4) 2(18) 1 (3)** 
CUlid.da.e 22(35) 1 (17)** 8(28) 2(10)** 
Physidae <1 (2) 9(1 1)* 
�hydrldae 1( 18) -** 
CDrixidae <1 (3) 1 (3) <l (4) 
<liaoboridae <1 (3) l ( 1 1) 
Pyra1idae <1 (3) 
Helodidae <l ( 1) 
GlDsi�e <1 (2) 
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.� c. CondilUed. 
Week 
8/13/84 
5/21/85 
&lurce 
Ou.raad.dae 
Lyame:l..dae 
Ol.igochaeta 
Strad.anyidae 
Dytisddae 
kart 
Ceratopogat:idae 
0:,11 eri,o la 
Psyclx,didae 
Plamrl>:l..dae 
Araneae 
Syrphidae 
!-bsddae 
� 
Cltliddae 
Physidae 
F.phydrldae 
c.or:fxidae 
Aphididae 
Staphyl:inidae 
Cliaobor1dae 
&lod1dae 
Glosophon:lidae 
CoeDagri.onidae 
Baetidae 
Gerridae 
Clt1:rorxmi.dae 
L)'lm8e:l..dae 
Ol.igochaeta 
I>jt:isc:l..dae 
Tipulidae 
kari c.ancoetraca 
Ceratopogonidae 
C.01.l.euDOla 
Planorb:l..dae 
Syrphidae 
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?-tQl.rl.son 1a:1Thait 
Grazed Ihgrazed Grazed Ungrazed 
22(38) 31 (35) b 
18(39) 2(12)** 
26(35) 1 1 (33)** 
<1 (2) 
13(30) 1 (8)** 
1 (7) 3(21)** 
6(2�) 3(16) 
15(34) 2(14)** 
1 (4) 
<1 (5) 
<1 ( 1) <l (2) 
<1 (1) 
< 1 ( 1)* 
4(26) <1 (2)** 
2(1 1) 10(27)** 
4(16) 1 (10) 
<1 (1) 1 (7) 
<1 (2) 
3 (16) <1 (4)** 
<1 (1)  <1 (2) 
<1 (5) 1 ( 1 1) 
1 (2) 4(18)* 
<1 (2) 3(6) 
1 (5) <1(3) 
<1 (3) 
<1 (5) <1(3) 
5 (34) 6(31) 4(26) 5 (26) 
1 (1 8) 1 (1 0) 4(25) 2(2 1) 
10(39) 9(32)** 26( 39) 8(27)** 
<1 (10) 1(13) <1 (5) <l (S) 
<1 (4) 
1 (18) 2(26)** 1 (8) 2(17)* 
1 1 (39) 4( 30)** 3(23) 1 (5)** 
<1 (8) 1(10) <1 (7) 
9 (30) 2(23)** 3(20) 6(::) 
<1 (6) <1 ( 3) 
<l t2) 
AppeDd:1x c. Cant::lroed. 
Week 
�e 
Chlid.dae 
Physidae 
Cllaobor:1.dae 
Q)enagrion:idae 
� 
ii!Jod1dae 
� Ungrazed 
<1 (3) 
2(19) 
1 (20) 
<1 (11) 
<1 (2) 
3 (25)** 
<1 (3)** 
1 (16) 
1 ( 1 1)*  
a 
b Derotes mean and frequency ( ) of possible 40 oCOJITenees. 
Dry * Indicates significant (P < 0 .05) . 
** Indicates highly significant (P < 0.01) . 
Ja1Jbait 
Grazed lhgrazed 
<1 ( 1) 
<1 (3) 
1 (10) 
1 (12) 
<1 (2) 
<1 (5) 
12(31)** 
1 (2) 
1 (7) 
4(12)* 
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Append:ix D. T,.H,lcoxon' s � rank tests of ....ater cohmn u:ac.ro1mert
ebrate 
bic:mlss (mg/1) data collected from M:C.arlson �A and Jai.J.bait 
sloughs, 1By C.OUOty, South Iakota. 
M:Carlscn JaiJhait 
Week SJIJrce Gramd !bgrazed Grazed Chgrazed -- --
5/21/84 01i.roncmidae o. 1 (ln
a 0.2 ( 14) 0.2 ( 11) 0. 1 (8) 
L)'llllSeidae 2 . 1 (8) 2 .3(7) 9 . 7 (4) 3 .9(4) 
�ta 0 .4(39) 0.3 (22)** , 1 . 5(38) 1 .5(:l>) 
Sc:atioa¢.dae 0. 6(3) 
Dyt:isc:i dae 0.3 (22) 0 . 1 ( 10)* 0.3 (11) 0 .3(6) 
T1pulldae 0 . 1  (8) 0 . 1 (3) <0 . 1 (1)  <0 . 1 (2) 
Acari 0 .3 (36) 0 .2(30) 0. 4(35) 0.6(34) 
Coocostraca 2.4(38) 1. 7(37) 0.8(25) 0. 7(27) 
C.O] 1 eu:bo� 0. 1 (22) o .2(ln 0 .2 ( 12) 0 .3 ( 18) 
Plmmbidae 0 . 1 (1)  0.4(2) o. 7(4) 
Arace.ae <0. 1 (1) 0. 1 (3) 
Mlsddae 0. 1 ( 1) 0 . 1 (3) 
� <0. 1 (4) <0. 1 (1) 0. 3 (3) 0.5(4) 
01J1cidae 1 .3 (21)  2.9(28)* 1 .5(12) 2. 1 (1 7) 
C.Omagriarida.e <0. 1 (3) <0. 1 (2) <0. 1  (2) <0 . 1 (3) 
Physidae 0. 7(2) 
CilrCll..ionidae 0 .3(1) 
7/16/84 Ol:1.rcoord.dae 0. 1 (23) 0 .2(34) 0.3(18) 
0. 6(34)* 
Lymoaeidae 16. 9 (5) l2. 5(31)** 48. 7 (7) 17 .8(  11) 
Oligochaeta 0. 4(32)* l .  i(32) 1 .3(36) 
Strat:ianyidae 0. 2 ( 1) 
Dytiscidae 0 .3(18) 0. 2(10) 0.3(1 :) 0. 7(16) 
Acar1 <0. 1 (24) <0. 1 (23) 0. 1 ( 10) 0. 1 (24) 
Cmltopogon:idae 0 . 1 (12) 0. 1 (6) 
C.O J J eu:bol.:i <0. 1 ( 13) 0. 1 (17) 0 . 8(27) 0 .3 (:S)* 
Psycrodidae 0.2( 1) 
Pl.armbidae <O. l (2) 0. 1 ( 14)* 0. 1 ( 1) 0. 4( 12)* 
Araceae <0. 1 (6) 
Syrphidae 0. 1 ( 1) 
Hydrophilidae <0 . 1 (4) 0.8(18) 
0.2(3)** 
Chlid.dae 1.5(35) o. 1 C 1n** 1 . 2(28) 0.2( 10)** 
Physidae 0 .8(2) 
0 .8( 1 1) 
C.Orud.dae 0. 2 (3) 0 .6(5) 0. 1 (4) 
�hydridae <0. 1 (18) 
---** 
<llaobor1d.ae 0 . 1 (3) 0 . 2 ( 11) 
Pyralidae 0 . 1 (3) 
Belodidae 0. 1 ( 1) 
� 0. 1 (2) 
lllll1111111111111111111111111111111111111111111111211111111121111a111111 .. •n�o�s �, ·�µ.�,4�!�h•'P�.*�.·,•· 1  ................... ... 
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� D. Cont:irued. 
M=Gttlson Ja:i.Jbait: 
week Source Grazed Ungrazed Grazed Ungrazed --
8/13/84 Cldroocm:idae 1 .  7(38) 1 .3(35) 
b 
LyaDBeidae 57.0(39) 31 .  7(12)** 
Oligpchaeta 3. 1 (35) 1 . 3(33)** 
Stra�e 0.3(2) 
Dytisddae 1 . 8(30) o. 9(8)** 
kari 0 . 1 (7) 0 . 1 (2 1)** 
Ceratopogati.dae 0.3 (24) 0.2(16) 
Col.lent,o.1.a 0.34(34) 0.28(14)* 
Psyc:mdidae 0. 1 (1)  0. 1 (4) 
Planorl,idae 0.2(5) 
Araaeae 0. 1 ( 1) 0. 1 (2) 
Syrphidae 0 . 1 (1) 
M.l..c:cidae 0.2 ( 1)* 
Hydrophil.idae 5 .9(26) 0. 1 (2)** 
Qiliddae 0 .5( 1 1) 3. 1 (27)** 
Physidae 2.3(16) 21 .4(10) 
F.phydridae 0. 1 (1) 0. 1 (7) 
Corlx:Ldae 0 .3(2) 
Aph:ididae 0.2 (16) 0. 1 (4)*  
Staphy 1:inidae 0 . 1  (1) 0 . 1 (2) 
Oiaobotidae 0. 1 (5) 0.4( 1 1) 
Helodidae 0 .3 (2) 1 .3(18)* 
Glosophoaildae 0. 1 (2) 0.8(6) 
Coenagricnidae 0. 1 (5) 0 . 1(3) 
Baet:Wae 0. 1 (3) 
Gerridae 0.4(5) 0.5(3) 
5/21/85 Cllircn:m1dae 0.3 (34) 0.3(31) 0 .2(26) 0.3 (26) 
Lyanaeidae 8 .4(18) 3.5(10)* 50.2(25) 13. 0(2 1)* 
Oligochaeta 1 . 3 (39) 1 . 1 (32) 0.6(39) 0 .3 (27)** 
Dijtiscidae 0.2(10) 0.4(13) 0.4(5) l .  6(5) 
Tipulidae 0. 1 (4) 
kart 0.2(18) 0 . 1 (26) <0 . 1 (8) <O. l (li)* 
C.OOCOStraca 2.4(39) 0.5(30)** 0 .8(23) 0. 1 (5)** 
Ceratopogonidae 0 . 1  (8) 0 . 1 (10) 0. 1 (7) 
Col.l..ent,ol.a 0. 4(30) 0.2 (23)** 0. 2(20) 0 .2 (27) 
Plaoorbidae 0. 1 (6) 0 . 1 (3) 
Syrphidae <0 . 1 (2) 
H'jdrophilldae :. 9( 1) 0 . 1 (5) 
-----------------··(£ ... -------------------� 
Appendix D. Qmdllued. 
01J1ddae 
Physidae 
Cllaoboridae 
Q)ecagriarldae 
G::Dphidae 
Hel.od1dae 
0.21(3) 
5 . 1 (19) 
0 .3 (20) 
0.4(11) 
0 . 1 (2) 
2.4(25)** 
0. 4(3)** 
0.2(16) 
0. 4(11)* 
1a1Jbait 
0 .1 (3) 
13. 1 (10) 
0 . 1 (12) 
0 . 1  (2) 
5.4(31)** 
1. 4(2) 
0 . 1 (7) 
0. 2(12)* 
a 
b Demtes � and frequency ( ) of possible 40 occurrences. 
Dry * Indicates significant (P < 0. 05) . 
** Indicates highly significant (P < 0.01) . 
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85 
Appeodjx E. Wilcaxcn' s � rank tests of benthos macro:!mertebrate 
abulmnce (x/m ) data collected fran M:C.arlson WPA an:i JaiJbait 
sloughs, !By Count:y, &Juth !Bkcta. 
�ls:m Jaj)bait 
Week Source Grazed Ungrazed Grazed Un.grazed -
5/21/84 Oli?cmn:idae 197(12)a 168(9) 393 (19) 772( 14) 
L)'llll8eidae 70(5) 84(4) 28(2) 
Oligochaeta 2 19 1(29) 1278(5) 2683(35) 2865(27) 
Stra�e 14(1) 
Tah:m-!dae 70(4) 14( 1) 
Dytiscidae 42(3) 169(9) 28(2) 
Tipulidae 70(4) 126(6) 323(9) 421 (14) 
k.ar1 112(7) 1 12 (6) 28(2) 28(2) 
Concostraca 154(10) 281 (13) 3034(30) 2002(36) 
C.eratopogonidae 56(3) 267(1 1)* 
Col.l.eubola 28(2) 
Plarorbidae 14( 1) 
Nematoda 267(1 1) 506(13) 5C6(15) 6 18(15) 
�ididae 112 (6) 42(3) 169 (8) 42(3) 
AraDe.S.e 14( 1)  98(5) 42(3) 
MJSCidae 56(2) 28(2) 56(4) 
Hydrophilidae 14( 1)  98(6) 70(4) 
Q1J1ddae 28( 1) 84(6) 42(3) 
Physidae 28(2) 28(2) 
Epl'eydridae 14( 1) 
Cecidcmyidae 56(3) 154(7) 
Staphy l.:in:idae 14( 1) 14( 1) 
Phlaeotbripidae 14( 1) 
Scatophagidae 42(3) 14( 1) 
Um::u.licmdae 14(1) 
"'h:ididae 14( 1) 
tblic:hipoo1dae 56(3) 
C1rabidae 14(1) 
Ollyscmelidae 14(1) 
fyralidae 14( 1) 
7/16/84 ClrlroocmL:iae 84(4) 421 (17)*  435( 14) 1 152(30)* 
Lyameidae 70(3) 140(9) 281 (10) 688(18) 
Ol.1gochaeta 2444(26) 2991 (25) 351 (14) 2�3(29)* 
Stra�e 14( 1) 14( 1) 
Tabanidae 28(2) 
Dyt:iscidae 28(2) 28(2) 14(1) 126(7) 
Tipulidae 14(1) 84(5) ::'.11 (9) 
O:mp:x!eidae 618( 1 )  28( 1) 
Ceratopogonidae 28(2) 70(3) 154(8) 
h:.ari 14(1) 14( 1) 70(5) 
Col.J..eubola 14( 1) 70(3) 28(2) 
86 
'1Jpeod:lx E. O:,ot:iDued. 
M::Carlson Jailbait 
Week Source Grazed Ungrazed Grazed Ungrazed 
Ps}'Cbodidae 211 (3) 14(1) 
Laq,yridae 28(1) 
Planarb:idae 70(4) 84(6) 295(14) 
Nemtoda 449( 18) 196(10) 70(4) 239(8) 
Ar.meae 562(3) 225(4) 14( 1) 14(1) 
SyrJirid.ae 42(3) 70(2) 
Mlscidae 14( 1) 84(4) 28(2) 
Bnp:ididae 28(2) 225( 10) 42(3) 14( 1) 
�e 28(1) 84(5) 98(4) 
pl.ejclae 14(1) 
01l:k:1dae 14( 1) 505(12) 28(2) 
Physidae 42(2) 183(8) 42( 1) 14( 1) 
�hydridae 323(11)  28(2)* 
Conxidae 14( 1) 14( 1) 
� 28(2) 56(4) 
F:Jmfdae 14( 1) 
tbl 1cb1pod1dae 14( 1) 
St�liDidae 14(1) 14( 1) 
Tenthrid1nidae 14(1)  
IJ!stidae 14( 1) 
Cllaoboridae 14( 1) 
Scicmyzidae 14( 1) 
8/13/84 Chl.rax:midae 2008(29) 1362(24) 7668(40) 2065(33)** 
Lymaeidae 3104(33) 590( 15)** 2037(29) 829(�) 
Oligochaeta 2430(34) 3104(34) 3933(34) 3006(34) 
Stnticmy1dae 14( 1) 42(3) 14(�) 
Tabanidae 14(1 )  70(5) 28(2) 
fyt:1.c:c:f dae 576(24) 56(4)** 267( 15) 56(3)* 
T1pu.l.:1dae 211 (5) 140(4) 421 (1 i) 183 (10) 
Acari 42(3) 98(6) 646(23) 449(18) 
C.eratopogali.dae 534(19) 2 1 1 (1 3) * 449 (17) 183 (7) 
Col.leu:bo.L:l 84(3) 112(13) 197 ( 1 1) 351 ( 18) 
Psychodidae 169( 3) 112(6) 941 (20) 239(10) 
Plmlorbidae 18'.3 ( 12) 168( 10) 300(9) 1 180 ( 19) 
Ne!!Etoda 267(14) 393(11)  674(17) 520(15) 
Arane.ae 84(5) 56(4) 337( 15) 1 12 (8) 
Syrphida.e 70(3) 
M..i.scidae 70(4) 140(7) 688(19) �2(3)** 
Ffydrophilidae 253( 1 1) 42(3) * 899(29) 239(14)** 
Clili.d.dae 14( 1) 28(2) 140(5) 323 (6) 
Physidae 548(12) 33i(l0) 154(7) 35 1 (5) 
F.phydridae 28(2) 1938(27) 351 ( 18) 
Append:ix E. Condrued. 
T�ek 
5/21/85 
�l.son 
Source Grazed Ucgrazed 
Aphididae 70(5) 70(4) 
Elmidae 14(1) 
D:>1.ichipodidae 42(3) 84 (6) 
Sta}:lhy] jnjdae 28(2) 
T.astidae 14(1) 
Cliaoboridae 28(2) 70(5) 
<ln:y&'JN!l1da e 14(1) 
Pyra.Wae 169(10) - * 
ClIJ:culionidae 211 (6) 
Scianyzidae 14(1) 
Cecidomyidae 28(2) 14(1) 
Phla.eodlrlpidae 14(1) 14( 1) 
Belod1dae 239 (7) 197(8) 
Gl.os1;h:midae 84(5) 
M:?soveli.1.dae 42(3) 14(1) 
�poda 28(1)  
Chalc1d1dae 14(1) 14(1) 
SaJcHdae 14( 1) 
Fonnicidae 
Clu.roacm1.dae 98(6) 281 ( 1 1) 
L)'!Illae idae 449(18) 84(5)** 
Oligochaeta 4185(34) 1475(27)* 
Stratiomyidae 42(2) 70( 1 )  
Tabanidae 14( 1) 
Dyt1scidae 98(3) 56 (4) 
Tipulidae 56(3) 14( 1) 
kart 211 (3) 42(3) 
Coocostraca 295(4) 211 (12) 
watopogoo:idae 112(5) 28(2) 
Psyclxxlidae 14(1) 
Planorbidae 56(4) 
Neustoda 744(16) 744(23) 
Anmeae 14(1) 
!11.scidae 28(2) 
¥ro?hi.lidae 42(2) 14(1) 
Cul.icidae 28(7) 
Physidae 787 (1 2) 84(2)* 
f;>hydridae 14(1) 14( 1) 
Iblichipodidae 28(2) 
Staphylinidae 
Cllaoborldae 28(2) 
Ced.danyidae 
Libellulidae 14(1) 
SE a .. . xoa z; .P azc : _ za tQ z u :  a J4U =• 
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Jailhait 
Grazed Ungrazed 
56(4) 42(3) 
140(5) 28(2) 
14(1) 
1 12 (8) 28(2) 
42(3) 
14(1) 
14( 1) 
197(7) 28(2) 
225(4) 
2275(15) 5927(29)* 
14( 1) 
225(6) 56(4) 
42(2) 14(1) 
28(2) 
14(1) 
169(10) 98( 17) 
492(20) 379(12) 
4 li1 (29) 1053(21)** 
126(8) 
14( 1) 
14( 1) 70(5) 
56 (4) 70(4) 
200( 1 1) 28(2) 
112 (5) 14(1) 
14( 1) 28(2) 
70(4) 28(2) 
126(6) 463(9) 
28(2) 28(2) 
28(2) 
14( 1) 126(7) 
98(5) 
14( 1) 
14( 1) 
14( 1) 
14( 1) 
8b 
Appeod:1x E. Condrued. 
M:Carlson Ja:ilbait 
Week Source Grazed lJngrazed Grazed !In grazed 
7/16/85 Clrlnn:midae 2584(1 7) 1376(16) b 
Lyunaeidae 1152(1) 871 (1 3) 
Cll.igochaeta 19972( 19) 6545(20)* ' 
St:ratiomyidae 56(2) 28(1) 
Dyt:isc1 dae 365(8) 281(6) 
1!pu1idae 225(7) 140 (4) 
Aca:ri. 28( 1) 84(3) 
Ceratopogon:uiae 197(5) 365(7) 
Col.lem,ola 84(3) 56(2) 
Psychod:idae 28(1) 
Plamrbidae 758(7) 281 (3) 
�toda 1629 (16) 1208(9) 
' Araneae  56(2) 1 12(2) 
Mlsc.idae 225(6) 421 (6) 
8'jdrophilidae 225(7) 253(8) 
Physidae 253 (5) 534(3) 
Aphididae 28( 1) 
EJuddae 28(1) 
Staphylinidae 281 (6) 56(2) 
c.arabidae 28( 1) 
Ou:yscme.lidae 28( 1) 
OJrculionidae 140(5) 28(1) 
Glosophonildae 84(2) 28( 1) 
Formicidae 56(2) 
VeJ11dae 28( 1) 
PtemmJidae 28(1) 
HaJ1:pl1dae 28( 1) 
BraCC1Jidae 28( 1) 
a b Cemt.es Deail and frequency ( ) of 40 ocrurreru:es. 
Dry * Indicates significant (P < 0. 05) . 
** Indicates highly significant (P < 0 .01) . 
� - --
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Appmj:fx F. Y:l.l.camn' s � raclt tests of benthos macroinvertebrate 
biaoass (mg/m ) data collected from !-tearlson �A ani Jailhait 
sloup, !By County, !:ooth !Bkota. 
M::Ccirlson JajThait 
Week &rurce Grazed tbgrazed Grazed Ungrazed 
5/21/84 Olircn::midae 80. 1(12)
a 38.6(9) 92. 7 (1 9) 61 . 1 ( 14) 
Lymaejdae 1030.9 (5) 7 .0(4) 4.9 (2) 
01.igocnsieta 288. 6(29) 292. 1 (5) 164.3 (35) 150 . 2(27) 
Straticmy1dae 4 .2 ( 1) 
T.abm:ddae 10.5(4) 2 .8(1) 
Dyd.sciclae 40. 7(3) 42. 1 (9) 42. 1 (2) 
Tipulidae 22.5(4) 33. 0(6) 44. 9 (9) 57.6( 14) 
Acari 23. 2(7) 23.9 (6) 9 . 1 (2) 2 . 1  (2) 
Coocostraca 45. 6 ( 10) 92. 7 ( 13) 498.6(30) 265 . 5(36) 
C.eratopogon:1dae 7.0(3) 6 1 . 1 (1 1)* 
Collen:bola 3. 5 (2) 
Plaoorl>idae 1 .4 ( 1) 
Nemtoda 49. 9 ( 1 1) 82.2 ( 13) 57 . 6 ( 15) 44.2 ( 15) 
�ididae 9 . 8(6) 10. 5(3) 44.2(8) 12 . 6(3) 
Araneae 2.8(1)  14. 7(5) 14. 7(3) 
Mlscidae 2. 1 (2) 43.5(2) 56. 2 (4) 
Hydrophilidae 9 .8( 1) 19. 7(6) 3 .5(4) 
Culicidae 16 .9(1) 1 16 . 6 (6) 70 .2(3) 
Physidae 227 .5 (2) 384.8(2) 
Ephydridae 2.8(1)  
Cec:idcmyidae 7 . 0(3) 24. 6(i) 
StaphylfDida.e o. 7 ( 1) 5 . 6( 1) 
Phlaeothripidae 1 . 4 ( 1) 
&:atopbagidae 12. 6(3) 9 . 8( 1) 
D.m:ulicrrldae 29. 5 (1) 
�hididae 0. 7( 1) 
tblichiJXXlidae 9. 1 (3) 
Carabidae 9 .8( 1) 
� 5. 6 ( 1) 
Pyra1idae 16 .9( 1) 
7/16/84 Oriralanidae 7 . 7 (4) 73.0 (17)* 45.6 ( 14) 124 .3 (30)* 
L )111l8eidae 2 1 . 6(3) 8205 .8( 9) 7403. 8(10) 1 1286. 6(18) 
Oligochaeta 212. 1 (26) 383. 4(25) 28. 8( 14) 278. 1 (29)* 
Strad.anyidae 6 1 . 8(1)  4 .2 ( 1) 
Tabanidae 12.  6(2) 
Dyd.scidae 2.8(2) 12 .6 (2) 1 1 .2(1)  103 . 9 (7) 
Tipulidae 9. 8(1)  4. 9 (5) 36. 5 (9) 
�irlae 44 . 9 ( 1) 1 . 4(1) 
Ceratopogali.d.ae 1 . 4 (2) 14. 7(3) 40. 0(8) 
kari 4.2(1) 0. 7(1)  2 1 . 1 (5) 
Col.lenix,la 0.  7 ( 1) 18. 3 (3) 14. 0 (2) 
90 
� F. Qmdn.Jed. 
M:rarlson Jaj]bait 
T,,eek Source Grazed Ungrazed Grazed !Jngnlzed -
Psycb,d1dae 8.4(3) 1 .4( 1) 
� 21. 1 ( 1) 
Planorb:ida.e 39 .3 (4) 35. 1 (6) 246.5(14) 
Nmnatoda 60.4( 18) 28. 8(10) ' 1 1 . 9 (4) 47. l (8) 
Arane.ae 14.0(3) 21 . 8(4) 59.0(1) 1 .4( 1) 
Syr\xt1dae 4 .2(3) 787. 9(2) 
M.Jscidae 0.  7 ( 1) 19. 7 (4) 91 .3(2) 
Bnpididae 2. 1 (2) 33. 7( 10) 5 . 6(3) 12. 6( l) 
Hydrophilidae o .  7(1)  19 . 7 (5) 59.0(4) 
Ple:1da.e 5 .6 ( 1) 
Cili.cidae o. 7(1)  52.0(12) 7 .  7(2) 
Physidae 4469. 1 (2) 3870. 0(8) 7 .0 ( 1) 7 .0(1) 
Ephydridae 179 . 8(1 1 )  30.9 (2) 
Corlxidae 8 .4( 1) 0. 7( 1) 
Aph:ididae 7 . 7(2) 9 .8(4) 
F:Jm1dae 4.2(1) 
n::>liclt1podidae 0.  7 ( 1) 
St.aphlinidae 4.2(1) o. 7 ( 1) 
Teothr.i.d:ln:idae l.4( 1) 
I.estidae 78. 7(1)  
Olaoborldae 1 . 4( 1 )  
Scicmyzidae 0. 7 ( 1) 
8/13/84 Cltironc:m:idae 1 1 1 .  7(29) 70. 9(24) 323. 7(40) 27 1 . 0(33) 
Lymaeidae 10974.8(33) 3479.6( 15)** 2079. 4(29) 4993.0(22) 
Oligochaeta 295 . 6(34) 413. 6(34) 120. 1 (34) 203.0(34) * 
Straticmyjdae 7 . 0 ( 1) 16. 9(3) 9 .8(1) 
Tabanidae o. 7(1)  443.8 (5) 77 .2(2) 
Dyd.sddae 1 12.4(24) 22.5 (4)** 74.4( 15) 16.9 (3)* 
T1pulidae 29.5(5) 13.3 (4) 97 . 6( 17) 63.9(10) 
Acari 2.8(3) 6 .3 (6) 45 . 6(23) 58.3( 18) 
Ceratopogon:idae 37 .9(19) 14. 7(13) *  40. 7(17) L.9 .2 (7) 
Col.J..enix,la 6 . 3 (3) 10.5 ( 13) 13. 3 ( 1 1) 107.4( 18)* 
Psyclxxiidae 10.5(3) 8 . 4(6) 53. 4(20) 22.5(10) 
Planorbidae 47. 1 ( 12) 40.0( 10) 99. 0(9) '.:47 . 2 ( 19) 
�toda 15 .4(14) 12 .6(1 1 )  29.5(17) 53. 4(15) 
kraneae 22.5 (5) 37. 7(4) 240. 9 ( 15) 151 . 7(8) 
Syrphidae 16 .9(3) 
:-ilscidae 5 .6(4) 47 . 1  (7) 44. 9(19) 30. 9(3)** 
Hydrophil:1dae 704 .4(1 1 )  38. 6(3) *  483.9(29) 309 .0(14) 
Chlicidae 4.2 (1) 12. 6(2) 16. 9 (5) 50. 6(6) 
Physida.e 145.4(12) 73. 7(10) 1 1 1 .  7(7) 68 .8(5) 
Fphydruae 11.2(2) 120. 1 (27) 66. 7 ( 18) 
Aphididae 23. 9(5) 4.9 (4) 9. 1 (4) �9. i(J) 
91 
Appecd:fx F. Cont::iDJed. 
M:Carl.son Jailbait 
Week Source Grazed lbgrazed Grazed tbgrazed -
Elrn:1dae 8.4(1) 40.0(5) 29.5(2) 
lblic:hi pxtt dae 1 1.2(3) 9. 1 (6) 8.4( 1) 
StaphyJ1n1dae 2. 1 (2) 43. 5(8) 9.8(2) 
l.esd.dae 4.2(1) 
Cllaobor1.dae 8.4(2) 13.3 (5) 12. 6(3) 
Ollysanelidae 4.2(1) 47.8 ( 1) 
Pyra]..idae 35.8(10) -* 8.4(1) 
CilraJlioa:1.da 34.4(6) 13. 3 (7) 15.4(2}' 
Sd.omyzidae 9.8( 1) 
Cecidcmy:1dae 7.0(2) o. 7 ( 1) 33. 7(4) 
Phlaeothripidae 7 .0(1) 4.2(1) 
Helod:fdae 92. 7 (7) 43.5(8) 335 .0( 15) !226. 1 (29)** 
Glosipiuri.idae 2 1 .8(5) 2. 8( 1) 
�save.li:idae 4.2(3) 4.2 ( 1) 1()5.0(6) 16.9 (4) 
/aph1poda 12.6(1)  
OlaJddidae 1 .4( 1) 7 .0(1) 1 1 .  9(2) 19. 7 ( 1) 
Sald1dae 8.4(1) 12.6(2) 
Fotmicidae 12.6 ( 1) 
5/21/85 Clli.rcn:midae 19. 7 (6) 48.4(1 1)  35. 1 (10) 25 .3(17) 
Lymaeidae 3830.1 ( 18) 139 .0(5)** 7625.0(20) 2n1 . 1 02>* 
01:igochaeta 476 . 1 (34) 177 .0(27)* 151 .0(29) 83 . 6(21)* 
Stratic:myidae 4.2(2) 9 .8 ( 1) 36. 5 (8) 
Tabacidae 8 .4(1) 12 .6(1) 
Dyt:i.c::c1dae 33.0(3) 46. 3 (4) 
!1.pulidae 1 6 . 2(3) 7 .0(1) 1 . 4(1) L 2 . 6(5) 
kart 2.8(3) 24.6(3) 6 .3 (4) 7 . 0(4) 
C.OOCOSttaca 73.0(4) 64. 6(12) 123 .6(11) 12. 6(2) 
Ceratopogarldae 16. 9 (S) 7. 7(2) 15.4(5) 5 . 6 ( 1) 
Psychodidae 4.2( 1) 7 .0(1) 8.4(2) 
Plamrbidae 25. 3(4) 54.8(4) 16. 9 (2) 
�toda 49.9(16) 103.9(23)* 9 .8(6) 22.5(9) 
Aranea.e 12.6 ( 1) 
M.Jscidae 32.3(2) 16 .9(2) 12. 6(2) 
lfydroph:l.l:1d 23.9 (2) 22.5 ( 1) 29. 5 (2) 
Culicidae 89.9 (7) 1 1 . 2(1) 98.3 (7) 
Physidae 1785.1  (12) 98.3 (2)* 1034.4(5) 
Ephydridae 4.2(1) 4.2(1) 1 1 . 2(1) 
lblichi:podidae 23. 9 (2) 
Staphylinidae <0. 1 ( 1) 
Olaoboridae 7. 0(2) 1 . 4(!) 
Cecidomyidae o. 7( 1) 
Ll.1::e] Ju Ji dae 8.4(1) 
I 
... 
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l!ppeDdix F. G:l!l.drued. 
�lson Ja:f]bait 
Week Source Grazed lbgrazed Grazed Ungrazed --
7/16/85 Oli.rmcmidae 191 .0(17) 1 12.4(16) b 
Ly,,..,.»:fdae 2685 .4(1)  251.4(13) 
Ol.igochaeta 1553.4(19) 946.6(20) 
St:rad.omyi.dae 317. 4(2) 603.9(1) 
Dytisddae 120. 6 (8) 95.5(6) 
T1pulidae 67 . 4(7) 14. 0(4) 
Ac.ar1 22. 5(1)  14.0(3) 
Ceratopogonidae 52.0(5) 37 .9 (7) 
0:>.1..lenbol.a 8.4(3) 7. 0(2) 
Psycrod:idae 2.8(1) 
Pumorb:idae 1 71. 3 (7) 50. 6(3) 
�toda 147 . 5(16) 32.3(9) 
Araneae 26. 7(2) 2.8(2) 
Mlsc:i.dae 309 .0(6) 80. 1 (6) 
Hydrophilidae 241 .6(7) 318.8(8) 
Physidae 182.6(5) 44.9(3) 
Aphididae 19. 7(1) 
EJrn:fdae 30.9(1) 
Staphylin:idae 73.0 (6) 25. 3 (2) 
Carab:idae 19. 7 (1)  
Clreyscmelidae 1.4( 1) 
ClJrc:u.l.:f.ore 39 .3 (5) 134.8( 1) 
Glosiphooi:f.dae 21. l (2) 5 .6(1) 
Fotm:i.cidae 78. 7 (2) 
Vellidae 2.8(1) 
Ptercmu.ida.e 5 . 6(1) 
Ha.Uplidae 19. 7(1) 
Braconidae 8.4(1) 
. : L'erotes mean and frequeccy ( ) of poss:fbJ e 40 oco.irrences. 
* Indicates s:f.gnificant difference (P < 0.05) . 
** Ind:1cates highly significant difference (P < 0.01) • 
... 
